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GENERAL INTRODUCTION 
Statement of the Problem 
Numerous efforts have been made to determine the factors that affect 
reproductive performance In cattle. One of the factors that has been studied 
extensively Is the period of infertility which occurs after calving. After parturition, 
cows undergo a series of changes that allow them to regain the capability to 
become fertile and sustain a pregnancy. To restore postpartum fertility a chain of 
physiological processes needs to occur, and the successful completion of these 
events will determine the extent of the period of infertility. The uterus needs to 
recover its anatomical, histological and functional properties before implantation can 
occur. The reestablishment of ovarian cyclic activity and the development of an 
endocrine environment suitable for oocyte fertilization, embryonic development and 
placentation all are necessary steps toward fully reestablishing the reproductive 
potential of a female. Most research has been done to study and understand the 
factors that impact uterine involution, initiation of ovarian activity, and to determine 
the endocrine patterns during the postpartum period In cattle. However, the quality 
and developmental capacity of the oocytes in the ovaries during the postpartum 
period have not yet been cleariy established in cattle. If the oocyte is not competent 
to undergo the fertilization process and/or to become a viable embryo, the 
probability of a cow becoming pregnant will be greatly diminished. The potential role 
of the oocyte in postpartum Infertility, however, has been difficult to establish with 
the conventional reproductive technologies available. 
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With the advent of ultrasound-guided follicular aspiration technology, it is now 
possible to recover immature oocytes and study their developmental capacity after 
in vitro maturation/in vitro fertilization/in vitro culture (IVM/IVF/IVC). These 
technologies open a new and unique opportunity to assess oocyte developmental 
competence without the confounding effects of the uterine and endocrine 
postpartum environments. The recovery of oocytes from postpartunn cows has not 
been explored in detail, although this offers an approach that could enable 
elucidation of the potential role of the oocytes in postpartum infertility in cattle. 
Moreover, the potential production of calves during the postpartum period should be 
considered as a secondary incentive for conducting research in this area. 
In this dissertation, ultrasound-guided follicular aspiration and IVM/IVF/IVC 
were conducted to obtain and assess the developmental competence of oocytes 
recovered from postpartum dairy and beef cattle. Additional information on follicular 
development and endocrine patterns after follicular aspiration, as well as on the 
effect of this technique on subsequent reproductive performance, was gathered and 
analyzed. 
Dissertation Organization 
This dissertation begins with a general introduction followed by a literature 
review. Two complete papers, prepared for publication, are next followed by the 
general conclusion section. An appendix and the acknowledgement section 
complete this dissertation. 
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LITERATURE REVIEW 
Physiology of the Postpartum Period in Cattle 
General description 
For many years, researchers attempted to understand and unfold the 
complexity of the physiological and pathological processes occurring soon after 
parturition in cattle. The postpartum period has captured the attention of many 
research groups because it plays an important role in the economic outcome of 
cattle operations, and basic research in tiiis area has been conducted with the aim 
to develop treatments to improve fertility and productivity. 
After parturition, cows experience a period of infertility of variable duration. 
The factors affecting the length of this period will be introduced in this section. 
Postpartum infertility may be caused by four factors: general infertility, lack of uterine 
involution, short estrous cycles and anestrus (Short et al., 1990). General infertility 
occurs and is responsible for 20 to 30% in the decrease in fertility at any 
reproductive stage (Short et al., 1990). 
Uterine involution is a necessary physiological process that must occur 
before the cow can conceive again (Peters, 1984). Uterine involution takes 
approximately 25 - 47 days in dairy cows and 37 - 56 days in suckled beef cows 
(Dobson and Kamonpatana, 1986). Kindahl et al. (1992) showed that a massive 
release of prostaglandin (PGFja) occurs during the postpartum period in the cow. 
This PGFga release was negatively correlated with uterine involution in normal cows 
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and positively correlated with uterine involution in cows with uterine infections. 
These researchers found that cows without uterine infection that exhibited the 
longest duration of increased PGFja release also had the most rapid uterine 
involutionary process. On the other hand, cows that developed uterine infection 
during the postpartum period had large amount of PGFja that could be considered 
as an indicator of the uterine infection process and cellular destruction of tissue. 
Dystocia and retained placenta, both of which extend the duration of uterine 
involution, can result in a longer postpartum acyclic period (Peters, 1984; Hanzen, 
1986). 
It is possible that uterine involution is a barrier to sperm transport during the 
first 20 days after calving (Short et al., 1990). Graves et al. (1968) found a decrease 
in fertilization rate and pregnancy rates when cows were bred before 20 days 
postpartum. 
Another factor that can impact uterine involution is the suckling effect of a 
calf. It has been shown that calf suckling accelerate the involution of the uterus 
(Lauderdale et al., 1968; Riesen et al., 1968). Uterine Involution was more rapid for 
suckled than for non-suckled cows in the 1-10 day and 20 - 30 day postpartum 
periods. This increase rate resulted in the suckled animals being neariy involuted by 
30 days postpartum while non-suckled cows were not Involuted at either 30 days 
postpartum or during the first estrous cycle (Riesen et al., 1968). 
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In general, researchers agree that uterine Involution is not a major problem in 
the cattle industries due to the fact that breeding usually begins approximately 60 
days after calving, long after uterine Involution has been completed. 
Short estrous cycle is another factor that can impact postpartum fertility. This 
topic will be discussed in another section of this literature review, and the reader is 
referred to the section on Follicular Waves in Postpartum Cows. 
Postpartum anestrus, the factors that impact it, and the endocrinology of the 
postpartum period are the focus of the remainder of this section. The management 
of postpartum anestrus is a key issue that veterinarians and farm managers need to 
address to obtain a calving interval that fits the goals of a successful fann operation. 
Anestrus is the major reason for postpartum infertility and is the one factor 
that causes the most serious obstacle of all of the factors discussed here. 
Postpartum anestrus is affected by both major and minor factors (Short et al., 1990; 
Peters, 1984; Hanzen, 1986). Suckling and nutrition are considered the two major 
factors that impact postpartum anestrus. Both major factors will be discussed later in 
separate sections of this literature review (see Suckling Effect in Postpartum Beef 
Cattle and Nutrition and Follicular Development in Postpartum Dairy Cows). 
Minor factors affecting the postpartum anestrus are: season, breed, age and 
parity, and carryover effects from the previous pregnancy. 
Although domestic cattle generally are not recognized as seasonal breeders, 
it was found that the time of the year that the cows calved has an effect on the 
length of the postpartum interval. Peters and Riley (1982) found that cows exposed 
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to longer photoperiod during late pregnancy tended to undergo shorter acyclic 
periods and vice versa, and they suggested that breeding activity was inhibited 
during the time of short photoperiod. In the northem hemisphere, spring-calving beef 
and dairy cows undergo longer periods between calving and first ovulation than do 
cows that calve in the autumn (Bulman and Lamming, 1978; Lamming et al., 1981; 
Peters, 1984). Short et al. (1990) mentioned that cows calving from late spring to 
eariy fall had shorter postpartum intervals than cows calving from late fall to early 
spring. The effect of season is more important in primiparous than in multiparous 
animals (Hanzen, 1986). 
Although breed differences in the length of the postpartum anestrus do exist 
(Short et al., 1990), the management of dairy versus beef cows is so different that 
most of the apparent breed differences may actually be more the expression of 
management factors than of true genetic (breed) differences. In general, dairy cows 
that are milked have shorter postpartum inten/als than suckled beef cows. However, 
when dairy cows are suckled, they have longer postpartum intervals than beef cows 
(Short et. al, 1990). 
Age and parity have an effect on postpartum anestrus, with middle age cows 
expressing maximal reproductive potential compared with younger and older 
animals (Bulman and Lamming, 1978). The effect of age and parity on the length of 
the postpartum interval is due to differences between 2- and 3-year old dams versus 
older, with young cows having longer postpartum inten/als and lower reproductive 
potential (Short et al., 1990). 
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Peters (1984) proposed that the calving interval might be the major 
reproductive parameter used to assess bovine reproductive efficiency. In most cattle 
operations reproductive success is measure by having one calf per cow per year. 
This means that the calving to conception interval should be around 80 to 85 days. 
To obtain this goal, some physiological events need to occur. Rrst, ovarian activity 
needs to be reestablished after parturition. Second, estrous behavior should be 
manifested, and third, conception should occur after natural service or artificial 
insemination. The resumption of ovarian activity after calving in dairy and beef cattle 
is a key event that has been studied by many research groups, and it will be 
discussed in detail in another section of this literature review (see Follicular Waves 
in Postpartum Cows). 
Endocrinology of the postpartum cow 
During pregnancy in the cow, systemic levels of steroid hormones are 
elevated and are thought to suppress the hypothalamic-hypophysial axis. The high 
concentrations of progesterone and estradiol appear to inhibit secretion of GnRH 
from the hypothalamus that in tum results in an inadequate stimulation of the 
pituitary gland to maintain synthesis of LH. Rnally, a depletion of the LH stored in 
the anterior pituitary occurs and the LH resen^e should be restored after parturition 
before normal estrous cycles can begin (Nalbandov and Casida, 1940; Nett, 1987; 
Rahe et al., 1988). Hernandez (1995) suggested that an Imbalance between LH 
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synthesis and release might be responsible for the eventual depletion of anterior 
pituitary LH stores during late pregnancy in the cow. 
Postpartum endocrine profiles have been studied by several researchers. 
GnRH content in the hypothalamus appears to be unchanged during days 5 and 30 
after parturition (Moss et al., 1985). Moreover, the content of GnRH in the preoptic 
area and in the medial basal hypothalamus was over two times and three times 
higher, respectively, in postpartum cows compared with cycling cows (Nett et al., 
1987). This difference suggests that there is sufficient GnRH being synthesized but 
its release is being suppressed in some extent during the eariy postpartum period 
(Nett et al., 1987; Hernandez 1996). 
GnRH receptors in the anterior pituitary gland did not differ between 
postpartum and cycling cows (Moss et al., 1985). The number of GnRH receptors in 
the anterior pituitary was lowest immediately following parturition, increased to a 
maximum on day 15 postpartum, and then gradually declined through day 45 
postpartum at which time the number of GnRH receptors had retumed to levels 
comparable to those observed on day 1 postpartum (Nett et al., 1988). The amount 
of LH released in response to exogenous GnRH increased in milked dairy cows by 
day 10 postpartum, while suckled beef cows required 20 - 30 days to achieve a full 
anterior pituitary response (Lamming et al., 1981) 
The LH content in the anterior pituitary was low after calving and increased 
significantly through day 30 postpartum (Saiddudin et al., 1968; Lamming et al., 
1981; Moss et al., 1985; Nett et al., 1988). Nett (1987) suggested that a lack of 
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stores of LH in the anterior pituitary gland, rather than reduced sensitivity of the 
anterior pituitary to GnRH, was one of the initial limitations to the resumption of 
normal estrous cycles In postpartum cows. Plasma LH concentrations gradually 
increased from undetectable levels to 1 ng/ml by day 10 postpartum (Webb et al., 
1980). Lamming et al. (1981) observed a rise in the basal level of plasma LH and 
the development of an episodic pattern of LH release before ovarian cyclicity 
recommenced. 
The FSH content in the anterior pituitary gland decreases from day 1 to day 
20 postpartum and then increases until the time of first estrus (Saiduddin et al., 
1968; Casida, 1968). Plasma concentrations of FSH increases during the first 20 
days postpartum (Dobson, 1978). However, Nett at al. (1988) and Moss et al. (1985) 
found that there was no change in pituitary FSH content over the postpartum period, 
and it seems that pituitary concentrations of FSH do not limit the initiation of ovarian 
activity during the postpartum period (Nett et al., 1988). Systemic FSH levels remain 
low for a short period after parturition, but they do not appear to be suppressed 
throughout the entire postpartum period (Schallenberger, 1985). 
Progesterone values in plasma or milk are low for a variable length of time 
during the postpartum period until the resumption of ovarian cyclicity (Dobson and 
Kamonpatana, 1986). A short period of elevated progesterone (> 3ng/ml and for 
less than 10 days duration) precedes the first full-length estrous cycle in 
approximately 50% of cows (Lamming et al., 1981). Dairy and beef cows usually 
have a first luteal phase which Is shorter than that of a nornial estrous cycle, and the 
progesterone plasma elevation associated with the first (short) luteal phase is lower 
than that observed in luteal phases of normal length (Webb et al., 1980; Hanzen, 
1986). Short luteal phases in the bovine postpartum period have been described 
(Roche et al., 1992; Inskeep, 1995) and this subject will be discussed later in this 
literature review as will the resumption of ovarian activity in the postpartum period. 
Plasma estradiol concentrations are low (1-3 pg/ml) early in the postpartum 
period and increase to 6 -10 pg/ml around days 10 -15 of the postpartum period 
(Dobson and Kamonpatana, 1986). This rise in estradiol is concomitant to early 
follicular development. Nett et al. (1988) obsen/ed that the number of estradiol 
receptors in the anterior pituitary gland remain unchanged, except for a transient 
elevation on day 15 postpartum. These researchers suggested that the increase in 
estradiol and GnRH receptors in the anterior pituitary gland on day 15 postpartum 
might alter the sensitivity of the pituitary to GnRH and estradiol and might also play 
a role in increasing the rate of LH synthesis that occurs after day 15 postpartum. 
Oocyte quality in the postpartum period 
Information concerning the quality of oocytes produced during the postpartum 
period is scarce and sometimes difficult to sort out from other factors that can impact 
oocyte development and fertility such as uterine environment or environmental 
factors. Most data on oocyte quality have come from studies of reproductive 
perfomnance, embryo collection at different stage of the estrous cycle, and, more 
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recently, from oocytes collected by ultrasound guided-follicular aspiration and 
subsequent in vitro fertilization and culture of the resultant embryos. 
Breuel et al. (1993) examined the contribution of the oocyte or the follicular, 
oviductal, or eariy uterine environments to poor fertility associated with the first 
ovulation postpartum In cattle. It is not known if the low fertility associated with 
ovulation that precedes an estrous cycle of short duration, a common occurrence in 
the first postpartum ovarian cycle in beef cows, is due to premature regression of 
the corpus luteum (CL) and subsequent embryonic death or due to inherit problems 
of the oocyte. These researchers performed a series of experiments where they 
artificially created group of cows with normal or short length luteal phases. They 
collected embryos surgically 3 days and 6 days after estrus from cows which did or 
did not receive exogenous progesterone to enhance establishment and 
maintenance of pregnancy. They recovered embryos from the oviducts of cows that 
had short estrous cycles on Day 3 and from the uterus of cows on Day 6. They 
observed that pregnancy was not maintained in cows inseminated at the estrus 
immediately preceding a short-lived CL, even in animals treated with exogenous 
progesterone. The researchers concluded that oocytes released at the beginning of 
a short luteal phase during the postpartum period were capable of being fertilized, 
undergoing early embryonic development, and being transport into the uterus. 
Based on the result obtained from treatment of cows with exogenous progesterone, 
they speculated that the low fertility associated with an estrous cycle with a short­
lived CL is not due only to premature luteal regression. Ovulation of an oocyte with 
an inherent or acquired defect that prevents its development or an oviductai/uterine 
environment that could be hostile to embryonic development were proposed as 
alternative explanations. Butcher et al. (1992) showed that treatment with 
exogenous progesterone (sufficient to produce luteal-phase concentration of 
circulating circulating progesterone) to postpartum cows with a short luteal phase, 
and to which good quality embryos were transferred, enable pregnancy to be 
established and maintained. 
Schrick et al. (1993) collected day 6 embryos from cows with short or nomial 
length luteal phases and transfen-ed them to recipient females. Rate of embryo/ova 
recovery, rate of fertilization, and embryonic quality and stage of development of 
day 6 embryos did not differ between short and nonnal luteal phase animals. 
Pregnancy rate of recipients did not differ between those receiving embryos from 
short versus normal luteal phase donors but a trend in favor of the nonnal length 
luteal phase cows was observed. These results led the authors to suggest that one 
or more factors of uterine origin was responsible for the higher embryonic loss In 
cows with short estrous cycles. They also commented that prostaglandin 
concentration in the uterine lumen may contribute to high embryonic mortality in 
cows with short luteal phases. However, one question that remains to be answered 
is how to separate the effect of the oviductai/uterine environments from an inherit 
defect in the oocytes using these kind of approaches. The decrease in pregnancy 
rate resulting from transfer of embryos coming from short luteal phase cows could 
be attributed not only to a dysfunctional uterine environment that is expected in this 
type of animal, but also to the quality of the ovulated oocyte. Moreover, one could 
envision that both factors may act together. Further evidence Is needed to prove this 
point. Perhaps the use of ultrasound follicular aspiration to collect oocytes prior to 
any oviductal/uterine interaction may provide a tool to answer this question. 
Dairy cows are exposed to different production stress, nutrition programs and 
general management than beef cows. This is reflected in postpartum nutritional 
requirement and postpartum disorders that affect dairy cattle differently than beef 
cattle, initiation of postpartum ovarian activity In dairy cattie Is discussed in another 
section of this dissertation, so only factors that may affect oocyte developmental 
competence will be considered in this section. 
Britt (1994) hypothesized that developing follicles of dairy cattle can be 
affected by the environment in which they develop, and, therefore, can become 
imprinted in a way that leads to poorer fertility during the breeding period. Based on 
research conducted by Lussier et al. (1987) he estimated that folliculogenesis In 
cows takes 80 to 100 days for a primordial follicle to reach ovulatory size. Britt 
(1994) emphasized that eariy follicular development is dependent on a variety of 
growth factors such as epidenmal growth factor (EGF), insulin-like growth factor-l 
(IGF-I), and fibroblast growth factor (PGR). Moreover, he stated that metabolic 
factors also could influence eariy follicular development and that changes in the 
eariy postpartum period could influence preantral follicles destined to ovulate weeks 
later during the breeding period. Negative energy balance and associated changes 
In metabolism during the early postpartum period would play an important role in this 
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regard and fomri the basis of what this researcher called "adverse environmental 
conditions". Britt (1994) proposed a theory that preantral follicles exposed to 
adverse environmental conditions would have altered gene expression leading to 
impaired or altered follicular development. These Impaired follicles would then result 
in formation of dysfunctional mature follicles which would produce poor quality 
oocytes and/or result in the formation of a compromised CL (Rgure 1). From this 
figure it Is possible to see that the first two ovulatory follicles developed under a 
positive energy balance during the dry period. However, the third, fourth and fifth 
ovulatory follicles (ovulated - 60 to 120 days postpartum) developed under negative 
energy balance typically occurring during the postpartum period in dairy cows. 
The metabolic profile of cows during the early postpartum period has been 
described In another part of this dissertation but is characterized mainly by low 
glucose, low Insulin, low IGF-I, high nonesterified fatty acids (NEFA) and elevated 
somatotropin (see nutrition and reproduction section in this dissertation). 
In conclusion, Britt (1994) hypothesized that follicles growing under negative 
energy balance (poor environmental condition) would become less functional. This 
effect of environment on the developing follicles may be further seen in oocytes with 
compromised developmental competence and/or in the formation of CL with low 
progesterone secretory capabilities. Ail of these would affect the reproductive 
performance of dairy cows during the breeding period. 
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Rgure 1: Energy balance and development of the first six ovulatory follicles in the 
postpartum cows. From Britt, 1994, p. 106. (Energy balance in Mcal/d). 
However, the theory proposed by Britt (1994) is difficult to prove and is based on a 
compilation of works from different researchers. There was no direct evidence that 
the quality of the oocytes may be compromised during the postpartum period. 
Kruip et al (1996) took a different and innovative approach to assess the 
quality of oocytes produced during the postpartum period in dairy cows. These 
reseachers used ultrasound guided-follicular aspiration (OPU) to collect oocytes 
directly from the ovaries, eliminating any oviductal/uterine environmental influence 
and making a good way to test the theory proposed by Britt (1994). This research 
team performed two experiments. The objective of the first experiment was to see 
whether or not a change in the developmental capacity of oocytes existed during the 
postpartum period of a group of animals calving for the first time. The cows were 
subjected to OPU once weekly after parturition until 17 weeks postpartum. 
Harvested oocytes were utilized for in vitro fertilization, and the resultant embryos 
were cultured for 7 to 9 days. The researchers collected an average of 5.87 oocytes 
per OPU session, and 15.02 % of oocytes developed Into embryos. Although 
embryo production up to day 80 postpartum was higher than embryo production 
between days 80 to 120 (19.3% versus 10.6% respectively), the differences 
between periods was not significant. 
In their second experiment, Kruip et al. (1996) divided cows in two groups. 
One group was fed high energy levels prepartum with the purpose to develop a fatty 
liver (fat group). The other group (lean group) was fed at the recommended energy 
level before parturition. Ovaries from both groups were collected by unilateral 
ovariectomy and the follicles present were dissected and cumulus oocyte complexes 
(COG) were harvested. The ovariectomies were performed between days 54 and 
137 postpartum in the fat group and between day 67 to 140 In the lean group. They 
obsen/ed that the lean group produced more embryos (15.9%) compared with the 
fat group (5.5%). However, no difference in the number of oocytes collected per 
ovary was found. Furthemnore, they subdivided the postpartum period in three 
phases (days 60 to 80, days 80 to 120, and more than 120 days). The production of 
embryos from oocytes harvested from ovaries of cows in the lean group was not 
different among the three phases. The production of embryos from the oocytes 
harvested from the fat group cows was similar for the before day 80 and after day 
120 phases. However, the rate of embryo production from oocytes collected during 
days 80 to 120 postpartum was significantly lower. These authors concluded that 
developmental capacity of postpartum oocytes was low between day 80 and 120 
and hypothesized that poor fertility in high producing dairy cows around day 100 
postpartum could be attributed to poor developmental potential of oocytes. 
However, the number of animals and oocytes used in these experiments was small. 
Moreover, postpartum dairy cows normally experience a period of negative energy 
balance, if not clear definition is done by the researchers about what level and 
duration of the negative energy balance suffered by the animals, could be very 
difficult to assess Britt theory. 
Ultrasound-guided follicular aspiration could be used to study oocyte quality 
during different reproductive periods in cattle. Although the focus of this section was 
the assessment of oocyte quality in the postpartum period, a brief description of 
other possible applications of this technology will be given here. 
Rocha et al. (1998) used ultrasound-guided follicular aspiration to study the 
effects of environmental temperatures and humidity on the quality and 
developmental capacity of bovine oocytes. These researchers performed five 
weekly sessions of ultrasound-guided follicular aspiration from February 16 through 
March 23 (cool season) and five sessions from May 22 through June 20 (hot 
season). They concluded that high temperature and humidity resulted In a mariced 
decline in the quality of oocytes retrieved from Bos taurus cows and markedly 
decreased their in vitro developmental capacity. On the other hand, oocytes 
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harvested from Bos indicus cows produced a high proportion of blastocysts, 
regardless of the season In which they were collected. 
In another study, ultrasound-guided follicular aspiration was used to assess 
the effect of prolonged lifespan of follicles on oocyte viability (Revah and Butler, 
1996). These researchers concluded that bovine oocytes from prolonged dominant 
follicles (lifespan = 9 days) undergo premature maturation In vivo, which perhaps 
accounted for the poor fertility observed when estrus is synchronized with 
progestins, resulting in the creation of a dominant follicle with a prolonged lifespan. 
Other researchers studied the developmental competence of oocytes 
collected from small antral follicles in the presence or absence of a large dominant 
follicle in cattle (Smith et al., 1996). These researchers concluded that the 
developmental competence of oocytes from small antral follicles was not adversely 
affected by the presence of a dominant follicle. Presicce et al, (1997) studied the 
oocyte developmental competence from prepubertal calves. They suggested that 
the acquisition of oocyte competence for nomnal embryo development In prepubertal 
calves was Influenced by animal age and hormonal treatment (gonadotropin 
stimulation). Otoi et al. (1996) studied the development of oocytes from first 
dominant follicles. These researchers found that In vitro development of oocytes 
from the first dominant follicles tended to decrease with Increasing follicular diameter 
and estrous cycle days. 
in conclusion, It seems that the assessment of oocyte developmental 
competence in postpartum cows (or in other reproductive stages) should be tied to 
an assessment of the cow's nutritional/metabolic status. Moreover, the number of 
cows per treatment groups should be considered when interpreting the outcome of 
this type of experiment. Although studies of this nature are very labor intensive, 
future experiments should attempt to utilize high numbers of animals. 
Suckling Effect in Postpartum Beef Cows 
A major factor limiting the resumption of postpartum ovarian cycles in beef 
cattle is the inhibitory influence of the suckling calf on the release of GnRH from the 
hypothalamus (Williams and Griffith, 1995). This in turn causes the failure of 
postpartum cows to resume a pattern of LH secretion that will support the 
development of a preovulatory follicle (McNeilly, 1994). 
The mechanism(s) through which suckling affects ovarian activity has been 
the subject of extensive research, and these studies have sometimes yielded 
contradictory results, leading to concepts and hypotheses that have changed over 
time. 
The study of the concentration of GnRH in the hypothalamus showed that the 
content of this releasing factor did not change over time in suckled postpartum cows 
(Nett, 1987) and in suckled and nonsuckled dairy cows (Carruthers et al. 1980). 
However, higher levels of GnRH were found in the hypothalamus when postpartum 
cows were compared with cycling cows and when ovariectomized suckled cows 
were compared with cows whose calves were weaned at birth (Nett et al., 1988; 
Zaiesky et al., 1990). These results could be interpreted that suckling produces an 
inhibition In the release of GnRH accompanied by an accumulation of GnRH in the 
hypothalamus. 
The LH content in the anterior pituitary is low at parturition due to the direct 
inhibitory effect of elevated levels of placental origin estradiol on the synthesis of LH 
(Moss et al., 1981; Nett, 1987). After parturition, LH content begins to Increase over 
time and it is restored to levels comparable to those observed In cycling cows by 2 -
3 weeks postpartum (Moss et al., 1985, Williams, 1990). During the first 10 days of 
the postpartum period the concentration of LH in the anterior pituitary is low and, 
this low concentration of LH could be one of the initial limitations to the 
reestablishment of estrous cycles in postpartum cattle. 
Several approaches have been used to investigate the interrelationships 
among GnRH synthesis/release, gonadotropin synthesis/release, and ovarian 
function in postpartum cows. The responsiveness of the anterior pituitary to 
exogenous GnRH challenge did not differ between suckled and nonsuckled beef 
cows between days 3 and 20 postpartum. However, gonadotropin release in 
response to challenge with exogenous GnRH was higher for the suckled cows by 
postpartum day 30 (Williams et al., 1982). Williams (1990) interpreted these results 
as a consequence of the gradual increase in anterior pituitary stores of luteinizing 
hormone (LH), initiated after calving In suckled cows. Moreover, GnRH receptors in 
the anterior pituitary gland did not differ between postpartum and cycling beef cows 
(Moss et al., 1985). 
Relative blopotency of immunoactive LH stored in the anterior pituitary did not 
vary with reproductive status, plane of nutrition, or at various times after calving (5, 
10, 20, 30 days postpartum and 12,14 days after first postpartum estrus) in beef 
cows (Moss et a!., 1988). However, Bastidas et al. (1990) found that bioactive 
episodic LH concentration and relative LH biopotency decreased with day after 
calving in animals that were losing body condition score but that they increased In 
cows that maintained body condition from day 15 to 30 postpartum. 
The changes In the sensitivity of the hypothalamic-pituitary-ovarian axis to the 
negative feedback of estradiol has been suggested as another factor that can 
influence reproductive function during the postpartum period. From work with 
ovariectomized, weaned postpartum beef cows, it was hypothesized that the 
suckling stimulus Increased time to first estrus by Increasing the sensitivity of the 
hypothalamus to the negative feedback of estrogen during the postpartum interval 
resulting In decreased LH release (Acosta et al., 1983). 
Endogenous opioid peptides (EOP) could have a role In controlling GnRH -
(and hence, LH) secretion during the postpartum period In cattle. Nalaxone, an 
opiate antagonist, was used to study the action of EOP. It was shown that nalaxone 
induced LH release In postpartum beef cows (Whisnant et al., 1986). These 
researchers showed that larger doses of nalaxone were required to increase serum 
concentrations of LH on day 14 than on day 28 and 42 postpartum and they 
concluded that opioid Inhibition of LH secretion decreases during the postpartum 
period. If both estradiol negative feedback and opioid tone at the hypothalamus are 
heightened during the suciding-induced postpartum anestrus, it is possible that 
gestational increases of estradiol induce changes in the microenvironment of the 
GnRH-secreting neurons that require a recovery period after parturition before 
nomnal function is restored (Williams and Griffith, 1995). 
Temporary or permanent calf removal has been studied as a means to 
stimulate ovarian activity and estrus in postpartum cows. Postpartum intervals can 
be decreased by complete weaning, short term weaning (48 hr), or partial weaning 
(restricting suckling to short period of time each day)(Short et al., 1990). A different 
response in LH secretion of postpartum beef cows is observed depending on the 
postpartum time at which the calf is separated from the dam (Williams and Griffith, 
1995). If the calf is removed at birth, pulsatile LH secretion is gradually attained 
within 7-14 days postpartum, and ovarian activity is reestablished (Williams et al., 
1982,1983). However, if acute weaning is applied in chronically suckled postpartum 
cows, a rapid rise in the frequency of LH pulses occurs within 48 - 96 hours-(Smith 
et al, 1983; Shively and Williams, 1989). This increase in LH pulse frequency can be 
halted by a premature reintroduction of the suckling calf. It was concluded that calf 
return before 96 hr markedly attenuated weaning-induced increases in LH secretion 
and ovulation in suckled anestrous beef cows (Shively and Williams, 1989). 
Moreover, calf removal for 48 hr is of questionable utility for inducing cyclic activity in 
a high percentage of anestrous cows unless a progestagen such as norgestomet 
also is used (Williams, 1990). 
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Restricting calf suckling to only one suckling session a day for more than 10 
days increased conception rate and reduced the postpartum interval to first estrus 
(Williams, 1990). In one study, it was evident that four days after reducing the 
suckling frequency and breaking the cow-calf bond, there was more than a two-fold 
increase in the frequency of LH pulses and 50% of the cows ovulated over the 
subsequent six days (Stagg et al., 1998). 
It was generally accepted for many years that the suckling stimulation of the 
teat of postpartum cows by the calf was very important in mediating the lactational 
anestrus (McNeilly, 1988; Williams 1990). However, mechanical, electrical and 
thermal stimulation of sensory nerve endings in the teat failed to simulate the effects 
of suckling (see Williams and Griffith, 1995). Moreover, surgical denervation of the 
mammary gland failed to duplicate the effects of weaning (Williams et al., 1993). 
Likewise, mastectomized cows maintained with their offspring (therefore allowing 
tactile interaction between them) showed anovulatory periods similar to suckled 
cows with intact mammary glands (Viker et al., 1989). Taken together these results 
suggest that suckling-mediated anovulation is not dependent upon mammary 
somatosensory cues. 
Calf identification by the dam by visual and/or olfactory means was effective 
in mimicking the effects of calf nursing, and cows without those senses exhibited a 
loss of the negative feedback effect of suckling on LH secretion (Griffith and 
Williams, 1996). 
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Based on the evidence obtained during the last several years, Williams and 
Griffith (1995) hypothesized a close linkage between physiological variables that 
modulate maternal behavior, opioidergic tone, and the LH pulse generator function 
during suckling-mediated anovulation In cattle (see Rgure 2). 
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Williams and Griffith, 1995, p. 472. 
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The model describes the role of the calf, maternal behavior, suckling, and 
cow-calf interactions In neuroendocrine regulation of the hypothalamic pulse 
generator during the postpartum period of beef cattle. Oxytocin and estradiol were 
implicated in maternal behaviour in the ewe (see Williams and Griffith, 1995), and it 
Is assumed that these hormones could play a similar role in the cow. These 
researchers suggested that exteroceptive cues responsible for inhibition of LH 
secretion and anovulation were specifically attributable to the dam's own calf, but 
mammary somatosensory stimulation was not a requisite feature. 
Foilicuiar Waves in Cattle 
General overview 
The initial stage of folliculogenesis occurs independently of gonadotrophic 
hormones (Roche, 1996), meaning that primordial and primary follicles are not 
responsive to either follicle stimulating homnone (FSH) or luteinizing hormone (LH). 
However, as development progresses secondary follicles become dependent on 
and responsive to gonadotrophic hormones. 
Folliculogenesis is controlled by complex relationships between intrafollicular 
steroids, growth factors, extraovarian factors and the hypothalamo-pituitary-ovarian 
feedback system (Campbell et al. 1995). Folliculogenesis in the cow is a lengthy 
process that it takes about 180 days for a follicle to grow from its primordial stage to 
ovulatory size (Cahill and Mauleon, 1981). It may take as long as 40 days for a 
recently formed antral follicle to reach ovulatory size (Lussier et al. 1987). 
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It has been well studied and described that follicular development in cycling 
cows occurs in waves (Fortune 1994, Sirois and Fortune 1988, Fortune et al. 1991, 
Adams 1993 ab, Ginther et al 1989, Ginther et al 1996, Roche 1996, Savio et al 
1988,1993, Thatcher et al 1996). Rajakoski (1960) was the first to describe that the 
development of follicles in the cow occurs in waves. He suggested the existence of 
two follicular waves based on histological findings, one wave starting a few days 
after estrus and the second beginning around day 12 of the estrous cycle. Later, this 
hypothesis was confirmed by Pierson and Ginther (1984) who used ultrasound as a 
means to follow follicular development. The current view is that the cows can have 
two, three or four waves of follicular growth during the estrous cycle (Pierson and 
Ginther 1987, Sirois and fortune 1988, Adams et al. 1993). 
In ruminants, the cycle of follicular growth and development may be 
independent of the estrous cycle (Campbell, 1995). However, Sirois and Fortune 
(1988) disagreed with the view that follicular waves and follicular tumover are 
continuous and independent of the phase of the estrous cycle, and they supported 
the hypothesis that follicular growth occurs at specific times of the estrous cycle in 
the cow. Each follicular wave is composed of three main events that follow each 
other: recruitment, selection and dominance. These three main events which occur 
at regular intervals during the estrous cycle are now collectively referred to as 
follicular dynamics. Lucy et al. (1992) defined follicular dynamics as the continual 
process of growth and regression of antral follicles leading to preovulatory follicle 
development 
Follicular recairtment: Fortune defined recruitment as the growth of follicles 
beyond the stage at which nnost follicles undergo atresia. Recruitment has been 
defined as a process whereby a cohort of antral follicles begins to grow in a milieu of 
sufficient pituitary gonadotrophic support to pemriit progress towards ovulation 
(Thatcher et al., 1996). 
Recruitment is not a random phenomenon. Follicles seem to be recruited as 
groups or cohorts, suggesting that they have received a signal that allows them to 
continue growth and development rather than to regress (Fortune, 1994). The signal 
mechanism is not well understood, but the slight elevation of plasma FSH is a 
candidate for this signal (Adams etal. 1992, Turzillo and Fortune 1993, Ireland 
1987, Ireland and Roche 1987). In addition, the presence of FSH receptors has 
been Implicated in the process of recruitment (de la Sota, 1995). There seems to be 
a temporary correlation between the increase of plasnna FSH and the growth of a 
cohort of ovarian follicles. This increase of FSH not only is related to the secondary 
increase of FSH on the day of ovulation but also precedes the second and third 
wave of the estrous cycle (Adams et al. 1992). Follicular waves begin around days 
2, 9, and 18 of the estrous cycle in heifers with three waves of follicular development 
and around days 2 and 11 in heifers with two waves (day 0 = day of the 
estrous)(Sirois and Fortune, 1988). 
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Follicular selection: Selection has been defined as a process by which a 
single follicle is chosen or selected to continue growth, avoid atresia, and acquire 
competence to ovulate (de la Sota 1995, Thatcher et al 1996). 
The mechanism of selection is not well understood; however, there is general 
agreement that follicles which begin to respond to gonadotropic hormones and have 
a head start in coordinating gene expression of growth factors, steroidogenic 
enzymes and inhibins will be selected (Erickson et al. 1994). In ewes, the growth of 
follicles to an ovulatory size is totally dependent on FSH, and the number of follicles 
that develops is dependent on both the amount and the time of exposure to FSH 
(Picton et al, 1990). 
Selection may be a three-part process involving the ability of preantral 
follicles to respond to gonadotrophins, elaboration of inhibitory factors from the 
dominant follicle, and feedback between dominant follicles and the anterior pituitary 
gland (Ireland and Roche, 1987). 
Follicular dominance: After recruitment, one or more follicles (number is 
species specific) continues to grow and reaches ovulatory size. These follicles are 
called "dominanf follicles because it is believed that, once they are selected, they 
prevent further growth and differentiation of other follicles in the cohort (subordinate 
follicles), and prevent further follicular recruitment (Fortune, 1994). 
De la Sota (1995) defined follicular dominance as the mechanism(s) by which 
a selected follicle with the potential competence to achieve ovulation inhibits 
recruitment of a new cohort of follicles. Dominsint follicles apparently control the 
development of other follicles through production of hormones (such as estradiol 
and inhibin) and other secretory products (growth promoting and inhibiting factors) 
which may act locally, systemically or both locally and systemically (Savio et al 
1993, Fortune 1994). 
Selection and dominance are accompanied by a progressive increase in the 
ability of thecal ceils to produce androgen and of granulosa cells to aromatize 
androgen to estradiol (Fortune, 1994). Ireland (1987) suggested that inhibin and 
estradiol may interact to control the secretion of FSH and that the dominant follicle 
has a greater concentration of estradiol than other follicles. He suggested that the 
presence of higher concentrations of estradiol allowed the dominant follicle to 
overcome a hormonal milieu (especially a low concentration of FSH) that 
suppresses growth of other follicles, because estradiol markedly enhances FSH and 
LH action. This is related to the well known two cell - two hormone theory for the 
cooperation of theca and granulosa cells and FSH and LH in the production of 
ovarian steroids (Hafez 1993). It Is clear that the dominant follicle increases its 
capacity to secrete estradiol. This increase in estradiol secretion Is related to the 
Increased capability of theca cells to respond to LH by secreting androgen and of 
granulosa cells to aromatize this androgen to estradiol under the influence of FSH. 
As was mentioned before, cycling cows usually exhibit two or three waves of 
follicular development, and in each wave, one dominant follicle is formed. However, 
the fate of these dominant follicles diverges. Dominant follicles developed under 
increasing or high levels of progesterone will become atretic and regress. Only the 
dominant follicle of the second wave in the two-wave cows (or the third wave in 
three-wave cows) will be allowed to ovulate. The major features controlling the fate 
of the dominant follicles are the decreasing or low levels of progesterone and the 
increasing levels of estradiol which are observed at the end of the estrous cycle. 
These homnonal changes allow the follicles to reach ovulatory size and finally 
ovulate. 
Turzillo and Fortune (1993) described the critical role of FSH during the 
development of the dominant follicle and suggested that, once selected, the 
dominant follicle requires normal plasma concentration of FSH for continued growth 
and maintenance of functional dominance. These researchers used charcoal-
extracted bovine follicular fluid containing inhibin to suppress endogenous secretion 
of FSH. 
Savio et al. (1993) supported the concept that LH regulates the growth and 
development of dominant non-ovulatory and ovulatory follicles in cattle. He 
concluded that tumover of ovarian follicles during the estrous cycle in cattle is 
regulated by the concentration of progesterone in plasma, acting via negative 
feedback on LH secretion. Schimitt et al (1996) described similar idea related to this 
issue. They reported that the low frequency of LH pulses characteristic of the luteal 
phase is not sufficient to maintain continued growth and function of the dominant 
follicle. Savio et al (1993) hypothesized that inadequate thecal androgen secretion 
limits subsequent granulosa cell function required for terminal follicular development 
and that, owing to this functional limitation, the dominant follicle can no longer 
suppress the growth of other follicles. A new follicular wave then develops. 
Conversely, the removal of the negative feedback supports continued growth and 
dominance of the follicle due to increased availability of LH. 
Ireland (1987) hypothesized that the turnover of dominant follicles during the 
estrous cycle is regulated by the differential response of selected and unselected 
follicles in the cohort to alterations in pattems of secretion of gonadotrophins, which 
in turn results in a differential production of intrafollicular stimulatory or Inhibitory 
factors that control selection, dominance and atresia. 
FSH is the key hormone stimulating the emergence of waves of follicles, and its 
decline is associated with the selection of a dominant follicle, which then becomes 
dependent on LH for its final fate when concentrations of FSH are minimal (Roche, 
1996). 
Follicular waves in postpartunn cows 
Reestablishment of ovarian activity and follicular development after parturition 
is a key factor that may impact the length of the postpartum period in cows. Eariy 
studies assessing ovarian structures present at specific times after calving, used 
ovariectomy or slaughter to obtain ovaries, while others used rectal palpation to 
achieve the same objective. In most of the studies, reproductive hormones were 
measured and were con-elated with ovarian structure(s). Wagner and Hansel (1969) 
reported an increase in follicular size in dairy cows as the number of days 
postpartum increased. Mean diameters of the largest follicles were 9.6 mm, 11.3 
mm and 13.0 mm at postpartum days 7,14 and 30, respectively. Stevenson and 
Britt (1979) determined endocrine profiles during the postpartum period as well as 
the time of the first postpartum ovulation In dairy cows. They concluded that the 
inten/al from calving to first ovulation averaged 17.6 ± 1 days (range 9 to 34) and 
that interval between calving and first detected estrus was = 27 days. They 
observed that serum progesterone remained less than 0.2 ng/ml from calving until 2 
or 3 days after first ovulation, when serum progesterone levels increased. Serum 
estradiol returned to basal concentration during the first week postpartum. 
Moreover, these researchers described fluctuation in serum estradiol (7-15 pg/ml) 
between calving and first ovulation which they attributed to follicular growth and 
atresia during the preovulatory postpartum period. Follicles >10 mm in diameter 
were described in greater number in cows that ovulated before day 20 postpartum 
than in cows that ovulated after day 20 postpartum, implying a faster rate of growth 
of large follicles in the fomner group. 
Milk production is an important factor that affects resumption of ovarian 
activity and other important reproductive parameters such as days to first ovulation, 
days to first estrus and days open. Marion and Gier (1968) divided the animals in 
three groups (low-, medium-, and high-producing dairy cows). They found 
significantly longer intervals from parturition to first ovulation and estrus in high-
producing cows, suggesting that stress associated with high milk production may 
delay normal estrous cycles. However, the incidence of follicular cysts increased 
with level of production and this also could be a possible explanation for the delay in 
resumption of normal estrous cycles. The overall percentage of cows that ovulated 
during the first 20 days postpartum was 85.4 with an average of 14.2 days for the 
interval from calving to first ovulation, but only 4.8 % of the cows that ovulated 
showed sign of estrus. The average interval between first and second ovulation was 
shorter than that between the second and third ovulation postpartum (15.2 and 21.6 
days, respectively). 
Whitmore et al. (1974) similarly observed that intervals to first ovulation and 
first estrus were longer for cows with higher genetic potential for milk yield and that 
postpartum ovarian activity was more closely associated with milk production than 
energy intake. Stevenson and Britt (1979) concluded that high levels of milk 
production and its associated negative energy balance delay the initiation of 
postpartum ovarian activity. 
It was postulated that pregnancy exerted an inhibitory action on follicular 
development in the cow during the first 20 days postpartum (Rexroad and Casida, 
1975) and that the inhibition reduces the frequency of ovulation from the ovary 
ipsilateral to the previously gravid horn (Saiduddin et al., 1967). Similar effect of the 
former gravid uterine hom on the ovulation in postpartum cows was also described 
by Marion and Gier (1968) and Darrel et al. (1968). Ginther et al. (1996) described 
follicular waves throughout all but the last 3 weeks of pregnancy. They found the 
greatest decrease in follicular activity between months 4 and 5 and reported 
decreasing follicle diameters during the same period. Decreasing numbers of 
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medium follicles (5 — 9 mm) during the third trimester and reduced numbers of large 
follicles (>10 mm) during the last two trimesters were also observed. 
The distribution of ovarian follicular populations in the dairy cow within 35 
days after parturition was studied by Dufour and Roy (1985). They described the 
mean diameter at antrum fomnation of 0.156 mm for all growing follicles, and the 
mean total number of antral follicles per ovary was 228.3 at Day 15 and 141.8 at 
Day 25. Days postpartum and ovary status (with or without corpus luteum (CL)) had 
no effect on the percentage of non-atretic antral follicles > 1.58 mm of diameter. 
However, an effect of days postpartum was found in the smaller size non-atretic 
follicles. The percentage of non-atretic follicles decreased as postpartum interval 
lengthened, and this occurrence was related with the depletion of follicles with a 
diameter between 0.16 to 0.28 mm. Follicles of large sizes increased in number 
concurrently with the decreased rate of atresia. Moreover, these researchers also 
supported the idea that the CL of pregnancy was affecting follicular development 
and rate of atresia and that a newly fonned CL after first postpartum ovulation 
eliminated the carry-over effect of the CL of pregnancy. An inhibitory effect of the 
former gravid uterine hom on follicular development was also detected, and affected 
the smallest size antral follicles the most. 
The development of ultrasound technology opened a new horizon in the 
study of reproductive physiology and specifically In the evaluation of ovarian activity 
and follicular development. For the first time it was possible to obtain a dynamic and 
accurate picture of the events occurring in the ovaries of cattle at different 
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reproductive stages. Although some of the information gathered did not substantialy 
differ from previous reports that used less sophisticated technology, the possibility to 
assess changing structures in the ovaries and trace the fate of different size follicles 
were a tremendous help to understand the follicular dynamics In cattle. Savio et al. 
(1990a) used transrectal ultrasonography beginning at day 5 postpartum as a 
means of determining the timing of resumption of follicular dynamics during the early 
postpartum period in dairy cows. These authors described the growth and 
regression of small- (< 4 mm) and medium-sized follicles (5-9 mm) until the 
detection of the first dominant follicle (> 10 mm). The first dominant follicle ovulated 
(14 of 19 cows), became cystic (4 of 19 cows), or regressed (1 of 19 cows). 
However, 94% of the cows that ovulated did not show signs of estrus. The mean 
interval between calving and detection of the first dominant follicle was 
approximately 11 days, and the interval from calving to the first ovulation postpartum 
averaged 27 days. However, if only normally ovulating cows are taken into 
consideration, the Interval between calving and ovulation was = 12 days. They also 
detected an effect of season. When only cows with a normal dominant follicle were 
considered, cows that calved in autumn tended to have shorter and less variable 
intervals from calving to first ovulation than cows that calved in the spring. Moreover, 
cows calving in the fall had the first dominant follicle detected by = 7 days 
postpartum and first ovulation by = 12 days post-calving. 
Overall, the data presented by Savio et al. (1990a) are in agreement with the 
data of Dufour and Roy (1985) in which tiiey observed that the follicular population 
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consisted predominantly of follicles < 4 mm in diameter during the eariy postpartum 
period in dairy cows. 
In an effort to better characterize the reestablishment of ovarian activity and 
to detemiine the length of the ovarian cycle in postpartum dairy cows, Savio et al. 
(1990b) studied the effect of the interval between calving to first ovulation on the 
length of the subsequent ovarian cycle. The mean length of the first postpartum 
ovarian cycle was 22.2 ± 8.7 days (range 9-36 days). However, cows that ovulated 
before day 9 postpartum had normal (18-24 days) or long (> 25 days) ovarian 
cycles, whereas cows whose first dominant follicle ovulated between days 10 to 19 
postpartum had short (9-13 days), normal or mostly long cycles. Finally, when first 
dominant follicles ovulated > 20 days postpartum, short ovarian cycles were always 
observed. 
The number of dominant follicles detected during the first ovarian cycle varied 
with the length the cycle. Cows that exhibited short cycles had one dominant follicle 
which ovulated. In cows possessing ovarian cycles of nomrial length, 2 or 3 
dominant follicles were detected, and 2, 3 or 4 dominant follicles were present when 
long ovarian cycles occurred. Collectively, this information showed the existence of 
follicular waves in the eariy postpartum period in dairy cows. Moreover, these 
researchers identified and characterized (mainly the appearance, growth and 
regression of the dominant follicles) follicular waves during the ovarian cycle in dairy 
cows. 
In general, long ovarian cycles were more common during the early 
postpartum period. The reason(s) for the diverse length of the ovarian cycle was not 
clear. However, uterine involution could affect the sibility of the endometrium to 
secrete prostaglandin Faa (PGFja), the luteolytic agent in cattle, and in this way 
hasten or prolong the length of the cycle. Uterine mucosal epithelium Is re­
established in most cows within 30 days of calving (Wagner and Hansel, 1969; 
Marion and Gier, 1968), and this fact can sustain the fonner explanation. However, 
the presence of short ovarian cycles in the eariy postpartum period could not be 
explained using the same rationale. Progesterone priming may be a possible 
explanation for the diverse length of the ovarian cycle. Inskeep et al. (1988) 
described the importance of progesterone priming for the normal production of 
estradiol and the development of LH receptors in the preovulatory follicles in cows. 
Savio et al. (1990b) assumed that residual progesterone (eminating from the CL of 
pregnancy) for the first 15 days after calving explained the diverse ovarian cycle 
length in the early postpartum period. They assumed that dominant follicles which 
ovulated on or before Day 15 postpartum were under the influence of the CL of 
pregnancy and were progesterone primed. In all such cases, the ovarian cycles 
were nomnal or long. 
Beef cows have a pattem of re-establishing ovarian activity which is different 
than that observed in dairy cows. Murphy et al. (1990) described the follicular growth 
and resumption of ovarian activity in postpartum beef cows nursing calves. They 
found a period of growth and regression of medium size follicles prior to the time 
that one of them became dominant. The Inten/al from calving to first ovulation was 
35.9 ± 3.3 days, and the growth and regression of a variable number of dominant 
follicles was seen. The length of the estrous cycle following the first ovulation was 
short (average of 9.7 days), and during this period one dominant follicle developed 
and ovulated. In the subsequent estrous cycles which had a normal length (range 
18 - 23 days), one, two or three waves of dominant follicles occurred. 
Hemandez (1995) provided a hypothetical model for the resumption of 
ovarian cyclicity in postpartum suckled beef cows. The main four features of this 
model are: 
1. LH content in the pituitary gland is restored by 10 days postpartum in non-
suckled cows, but not until day 30 postpartum in suckled cows. However, GnRH 
release is restrained by factors such as suckling, nutrition, etc, impeding the LH 
surge release. 
2. The hypothalamus overcomes the inhibitory factors and a tonic LH pulse is 
produced, resulting in the rescue of the dominant follicle from atresia. This rescued 
follicle produces high enough levels of estradiol to cause induction of the LH surge 
and subsequent first ovulation. This first ovulation is not associated with signs of 
estrus due to the lack of progesterone priming of higher center in the brain. The 
resultant CL produces progesterone, but the number of endometrial progesterone 
receptors is lower than in a normal estrous cycle due to a lack of higher levels of 
estradiol priming of the endometrium. This situation resulted in an early release of 
PGFja that caused premature luteolysis and a short luteal phase. During the short 
luteal phase, a dominant follicle grows and subsequently ovulates. 
3. During the second follicular phase, estradiol secretion is high enough not 
only for triggering the LH surge but also for inducing the synthesis of sufficient 
endometrial progesterone receptors to prevent premature luteolysis during the 
ensuing luteal phase. 
4. Estrous behavior is expressed during the second follicular phase. 
Hemandez concluded that the continuous sequence of progesterone and 
estradiol seems to maintain cyclicity, and when this sequence is interrupted, such as 
in postpartum anestrous, estradiol alone has the task to start the steps to attain 
cyclicity until progesterone is produced. 
Roche et al. (1992) described the ovarian follicular activity in postpartum 
dairy cows and in postpartum suckled beef cows. In postpartum dairy cows in 
reasonable body condition, there was eariy resumption of ovarian activity frequently 
accompanied by ovulation of the first postpartum dominant follicle. In contrast, 
suckled beef cows tended to have a mean of 3.2 ± dominant follicles before the first 
ovulation. This failure to ovulate dominant follicles was associated with infrequent 
LH pulses in the eariy postpartum period, and both suckling and inadequate nutrition 
were implicated in the prolonged suppression of LH pulses in the absence of 
progesterone. Inadequate LH pulse frequency results in the low production of 
androgens by theca cells, and this will affect estradiol production by the follicle. The 
dominant follicle that is in the final stage of differentiation will not receive the 
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ovulatory LH surge and will undergo atresia. Ovulation of the donnlnant follicle can 
only occur when LH pulse frequency occurs every 40 - 60 minutes to stimulate 
maximal estradiol production, positive feed-back loop with anterior pituitary and an 
ovulatory surge of LH and FSH. These authors concluded that FSH was responsible 
for recruitment and selection of dominant follicles, and a frequent LH pulse was 
important for final maturation and ovulation of an estrogenically active dominant 
follicle (see Rgure 3). 
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Rgure 3: A proposed scheme of resumption of dominant follicles and ovarian cycles during 
the postpartum period In dairy and beef suckler cows. From Roche et al, 1992, p. 372. 
Nutrition and Follicular Development in Postpartum Dairy Cows 
In this section, the relationship of nutrition with follicular development, and 
specifically the role of energy balance and its effect on ovarian activity in postpartum 
dairy cows, will be described. However, it is not the intention to underestimate or 
minimize the role of other nutritional factors which impact reproduction. Although the 
interrelationship between nutrition and reproduction is complex, most researchers 
agree that energy balance plays a vital role in the initiation of ovarian activity in 
postpartum dairy cows. 
Genetic selection for increased milk production has consistently led to 
increased production per cow (Harrison et al., 1990). Some researchers have 
studied the effect of level of milk production on reproductive parameters. The 
common hypothesis was that a high level of milk production would already affect 
reproductive performance during the postpartum period in dairy cows. In one 
experiment, postpartum dairy cows were divided into three group based on the level 
of milk production during the first 120 days of lactation (Marion and Gier, 1968). 
These researchers found longer intervals from parturition to first ovulation, from 
parturition to exhibition of estrus and from parturition conception in the high 
producing group, suggesting that the stress associated with lactation may delay 
resumption of nomrial estrous cycles. However, further analysis revealed that the 
presence of follicular cysts was the most common factor correlated with lengthening 
of the intervals from parturition to first ovulation, estrus and conception. Similar 
effects of milk production on reproductive parameters were reported by Whitmore et 
al. (1974), who found that postpartum ovarian activity was more closely associated 
with milk production than with energy intake. Stevenson and Britt (1979) divided 
postpartum dairy cows according to the interval from parturition to first ovulation and 
studied the level of milk production and changes In body weight during these 
intervals. They found that cows which ovulated later in the postpartum period 
produced the most milk, but they did not find a significant relationship between 
change in body weight and interval to first postpartum ovulation. In contrast to these 
findings, Harrison et al. (1990) did not find a correlation between milk production and 
interval to first ovulation. However, they supported the concept that high milk 
production was antagonistic to expression of estrous behavior (but not to 
reactivation of ovarian function). Lack of expression of estrous behavior should 
affect reproductive parameters such as interval to first insemination and days open. 
To the contrary, Villa-Goody et al. (1988) did not find evidence that milk yield 
affected reproduction. Butler and Smith (1989) found that the correlation between 
milk yield and days to first ovulation became significant only after 40 days 
postpartum when most cows had already ovulated. Lucy et al. (1992) described that 
the interval to first ovulation was shorter in cows that consumed the most dry matter 
during the postpartum period and were the greatest milk producers. Staples et al. 
(1990) reported that high milk production was not associated with poor reproductive 
performance, and that daily milk yields were positively correlated with the day of first 
postpartum ovulation. 
The effect of level of milk production on reproductive parameters has not 
been consistent across studies, and this could be due to many different factors. In 
high producing postpartum dairy cows, there are increased metabolic demands to 
cover the increased milk production, and the rate of increase in milk production 
exceeds the rate of increased feed intake. Cows in this situation need to mobilize 
body reserves to attend to this metabolic demand. The ability of a cow to maintain 
an equilibrium between metabolic demands, mobilization of body reserves and feed 
intake affects the final reproductive outcome and likely explains the contradictory 
research findings. 
Energy intake plays a very important role not only in sustaining increased 
milk production and initiating ovarian activity but also in largely determining energy 
balance. Energy balance is defined as the difference between the net energy intake 
of the animal minus the net energy required for maintenance and for milk 
production. Energy balance has been the subject of many studies with eariy 
postpartum cows. Cows typically experience a period of negative energy balance 
during the first week postpartum (due to increased milk production accompanied 
with decreased feed intake). Computation of energy balance reflects the metabolic 
status of the cow more accurately than does simply measuring milk yield (Butler and 
Smith, 1989). Individual cows respond to negative energy balance by different 
combinations of increased feed intake and mobilization of body reserves that can 
not be as well measured by either changes in body weight or by milk yield as by 
energy balance (Butler and Smith, 1989). For the important role that energy plays in 
general metabolism, energy balance has been the focus of attention of many 
researchers trying to link energy balance to reproduction and milk production. Butler 
and his co-workers (1981) have studied the effect of energy balance on ovarian 
activity in postpartum dairy cows. Average energy balance during the first 20 days of 
lactation was inversely related to the days to normal ovulation and to milk 
production, but milk yield during this period was not closely related to days to 
ovulation. These researchers found that energy balance remained highly negative 
until the peak of lactation, after which it moved progressively toward zero. Ovulation 
and the initiation of the first luteal phase occurred around 10 days after energy 
balance began to retum toward zero. They concluded that energy balance during 
the first 20 days of lactation was important in determining the onset of ovarian 
activity after calving and that most cows ovulated while still in negative energy 
balance. Negative energy balance acts similariy to undernutrition and may manifest 
itself in delayed ovarian activity due to an altered secretion partem of LH (Butler and 
Smith, 1989). 
It is generally accepted that conception rate in lactating cows is related to the 
number of ovulatory cycles prior to service. Once reinitiated, cyclic ovarian activity in 
postpartum dairy cows seems to continue regularly (Butler and Smith, 1989). These 
researchers suggested that both the magnitude of negative energy balance and the 
rate of recovery from high negative energy balance are important factors related to 
the first ovulation postpartum. The daily energy value was not correlated with days 
to first ovulation as was the cumulative or average energy balance. They concluded 
that the negative effects of lactation on fertility were related to the extent of negative 
energy balance which influenced the timing of the first postpartum ovulation. 
Canfield and Butler (1990 and 1991) confirmed the previous findings. 
Diet and energy balance can influence follicular and ovarian function in 
postpartum lactating cows (Lucy et al., 1991). As overall predicted energy balance 
of the cows increased the average number of small follicles decreased, whereas the 
average number of large follicles increased. However, predicted energy balance did 
not influence follicular growth or numbers of follicles within size class after estrous 
cycles had been initiated. These authors concluded that lactation and energy 
balance change the patterns of follicular development and that these changes may 
predispose animals to development of follicular cysts, lowered fertility and poor 
responses to synchronization of estrus. Moreover, they found that cows in the most 
negative energy balance produced the least amount of milk and that higher 
producing cows can be in a less negative energy balance and thus ovulate earlier. 
However, they used daily energy balance calculations to make this statement. 
Staples et al. (1990) compared anestrus and cycling dairy cows and found that 
anestrus cows ate less feed, produced less milk and lost more body weight 
(resulting in a more negative energy status) than cycling cows. These researchers 
divided their experimental animals according to the days to first ovulation and 
formation of the first corpus luteum (CL). Early responders (ER) developed a CL 
within 40 days of calving, whereas cows that developed a CL between 40 to 60 days 
postpartum were assigned to the late responder group (LR). Cows that did not 
ovulate within 63 days of calving were classified as anestrus or non-responders 
(NR). They concluded that ER and LR groups were In a less negative energy 
balance than NR. Cows in the NR group were more dependent on body reserves to 
obtain energy to produce milk and, as a consequence, their metabolic status 
inhibited the re-establishment of ovarian activity within 63 days postpartum. 
The effect of energy balance on the secretion of progesterone was 
investigated by Villa-Godoy et al. (1988). Their main finding was that the early 
postpartum occurrence of severe negative energy balance reduced luteal function 
during the second and third postpartum luteal phases. Moreover, the Interval to 
nadir of negative energy balance was correlated positively with luteal function in the 
second postpartum diestrus. They suggested that negative energy balance is a 
potential source of infertility in dairy cows and that the limited intake of feed in these 
animals was the primary explanation of the potential adverse effect of negative 
energy balance on fertility. Considering that most dairy cows would receive the first 
postpartum artificial insemination during the period of time studied by these 
researchers, the previous results may explain re-breeding problems in high 
producing dairy cattle. 
Spicer et al. (1990) found that the interval to first postpartum ovulation did not 
differ between cows in a positive or negative energy balance. In addition, days to 
first ovulation was not correlated with average energy balance during the first 12 
weeks postpartum. Similariy, average daily milk yield, average daily dry matter 
intake, average weekly body weight and average weekly body condition score did 
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not differ between cows in a positive or negative energy balance. However, serum 
progesterone concentration and energy balance were positively correlated. In 
concurrence with Villa-Godoy et al. (1988), these researchers found that serum 
progesterone concentrations during the diestrus phase of the first and second 
estrous cycles were significantly greater in the positive energy balance group than in 
the negative energy balance group, in addition, these two research groups did not 
find an effect of energy balance on the length of anovulatory period. Zurek et al. 
(1995) agreed with Villa-Godoy et al. (1988) and Spicer et al. (1990) in that they did 
not observe a relationship between postpartum mean energy balance and days to 
first ovulation. However, in agreement with Butler et al. (1981), they demonstrated 
that the duration of the declining energy balance after calving was positively related 
to the duration of the postpartum anestrus. The first postpartum ovulation always 
occurred after the nadir of negative energy balance but at varying levels of negative 
energy balances. 
Although some discrepancies in results among research groups exists, 
mostly all agree that the effect of energy balance and metabolic status on 
reproduction could be mediated, at least in part, by altering LH secretion patterns. 
Dairy cows in early lactation represent a situation of undernutrition (due to high milk 
yield coupled with inadequate feed intake and the consequent negative energy 
balance), and undernutrition has been identified as one of the most important 
negative influences on LH pulse secretion (Butler and Smith, 1989). Schillo (1992) 
stated that undemutrition prolongs postpartum anestrus in cattle through several 
possible mechanism, including impaired ovarian response to LH, reduced pituitary 
responsiveness to GnRH, and reduced pulsatile release of GnRH. The effects of 
negative energy balance on LH pulse patterns have been assessed by Imakawa et 
al. (1987). They observed that in the absence of ovarian steroids (i.e., in 
ovariectomized animals), energy restriction resulted in reduced LH pulse frequency 
but higher pulse amplitude. In general, it is believed that the state of negative 
energy balance in dairy cows appears to interfere with the capability of the 
hypothalamo-hypophyseal axis to develop the necessary LH pulse pattems for 
fostering ovarian follicular development and ovulation. In addition, energy status 
may have an effect on ovarian response to gonadotropin stimulation. 
The mechanism through which energy balance conveys the message to the 
hypothalamo-hypophysis-ovarian axis has been the subject of many research 
investigations. Butler and Smith (1989) developed a hypothesis where endogenous 
opioids played a role in translating some of the effect of negative energy balance on 
the regulation of the LH pulse pattems which are crucial for the onset and timing of 
postpartum ovarian function. However, Canfield and Butler (1991) later suggested 
that endogenous opioid peptides played a minor role, if any, on gonadotropin 
secretion in the milked dairy cow. Although it has been suggested that the potential 
signal(s) of energy balance on gonadotropin secretion could be insulin, glucose, 
insulin growth factor-1 (IGF-1), non-esterified fatty acids (NEFA) and/or ketone 
bodies, there is not yet agreement about this point among the researchers. 
Energy balance has been correlated with NEFA, Insulin, glucose and beta-
hydroxybutyrate levels (Canfield and Butler, 1990). However, the correlation 
between these compounds and first postpartum ovulation was not determined. 
Canfield and Butler (1991) later proposed NEFA as the potential cue of 
energy balance status which initiates first ovulation because NEFA are a good 
indicator of adipose tissue mobilization and NEFA are highly correlated with energy 
balance. They hypothesized that energy status may be conveyed to the neural 
centers controlling gonadotropin secretion through circulating metabolites. Other 
researchers have found a negative con'elatlon between energy balance and NEFA 
(Beam and Butler, 1997 and 1998; Lucy et al., 1991; Hamson et al., 1990). 
However, Staples et al. (1990) did not consider plasma NEFA concentration as a 
good indicator of energy status of the cows In their study because NEFA 
concentration did not differ between cycling and non-cycling animals. 
The role of IGF-1 has been correlated with LH pulse frequency (Zurek et al., 
1995). Although low IGF-1 concentration has been described during the period of 
recovery from the energy balance nadir to the time of first ovulation, these authors 
suggested little involvement of IGF-1 in metabolic signaling. However, an increase in 
energy balance is associated with an Increase in serum concentrations of IGF-1 
during eariy lactation. This increase in concentration of IGF-1 is associated with 
increased progesterone secretion during the dtestrus phases of the first and second 
postpartum estrous cycles, and increased milk yield was associated with decreased 
serum IGF-1 concentration and energy balance. For these reasons, Spicer et al. 
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(1990) suggested that the reduced ovarian activity which accompanies negative 
energy balance might be due, in part, to a decrease in concentration of IGF-1 in 
serum. Although Beam and Butler (1998) agreed with Spicer et al. (1990) that 
energy balance is correlated positively with serum concentration of IGF-1, they 
observed that the establishment of follicular waves and the formation of a dominant 
follicle were largely independent of typical metabolic conditions during the very eariy 
postpartum period. 
Glucose and insulin also have been proposed as possible signals to the 
central nervous system to control the re-establishment of ovarian activity, although 
no definitive evidence on their involvement has been clearly established. 
Some researchers have studied ways to lessen the negative energy balance 
experienced by postpartum dairy cattle. The most common approach has been the 
addition of fat to the diet. Although contradictory results have been reported (Beam 
and Butler, 1997 and 1998; Lucy et al. 1991a,b; Sklan et al., 1991). It is known that 
the addition of fat to the diet can reduce feed intake, potentially leading to the 
inconsistent results observed. 
Most of the findings in the area of energy balance and its effect on 
reproduction are contradictory. This may be due to one or more factors such as 
number of animal used in the experiments, how researchers defined their objectives, 
how they measured and interpreted the results, differences in management of the 
experimental animals, different composition of the diets, genetic difference between 
herds studied, etc. 
However, there Is general agreement that energy and energy balance play pivotal 
roles during the eariy postpartum period in high producing dairy cows that in some 
way, although not yet understood, will impact reproductive performance. Rnally, 
Spain et al. (1997) stated that the effects of negative energy balance can be multiple 
and can be related. This view confirms that there is a long way to go to fully 
understand the effect of energy balance on reproduction. Further efforts are needed 
to establish the mechanism by which energy balance may operate. 
Ultrasound Technology and Its Uses in Reproductive Research 
Principles and equipment 
Ultrasound is defined as a high frequency sound wave. Ultrasonography uses 
high frequency, low Intensity sound waves to produce images of soft tissue and 
internal organs (Pierson et al., 1988). 
The sound waves are generated by means of the piezoelectric effect. 
Crystal(s) in the transducer (scan head) are deformed when a high-voltage electrical 
current is applied and ultrasound is generated (Goddard, 1995). Piezoelectric 
crystals have the property to convert electrical impulse into sound waves. The sound 
waves originated by these crystals, propagate from the transducer through adjacent 
tissue of the patient/animal. The tissue characteristics will determine the velocity of 
the wave penetration and determine the amount of reflection of the waves that 
bounce back to the transducer. The crystals in the transducer receive the waves 
that are reflected by the tissues and convert them into an electrical impulse that then 
can be transformed into images on a high-resolution monitor. 
Frequency of an ultrasound machine is described in the number of cycles per 
second and refers to the number of vibrations of the acoustic source per second. 
Ultrasound frequencies are measured In megaherz (MHz) (Pierson et al., 1988). For 
diagnostic purposes, frequencies of 1 - 10 MHz are employed (1 herz = 1 cycle per 
second; 1 MHz = 1,000,000 sound waves per second). 
The ultrasound machines can display the returned echoes is three different 
modes (Ginther, 1995; Hinkeldey and Hopkins, 1996). 
A-mode (or amplitude mode) produces a one-dimensional display that 
measures the distance of the echo and its reflected signal strength or amplitude is 
depicted as a line graph. The axes are amplitude and depth. A-mode is seldom 
used in reproductive diagnostics due to the limited information obtained; however. It 
is useful for evaluating the fat and lean portions of meat animals. 
M-mode (or motion mode) produces a one-dimensional image that reflects 
the position and motion of the echo. The movement of the retuming echoes is 
recorded over time. The axes are depth and time. This mode of ultrasound is useful 
to study moving structure such as the beating heart. 
B-mode (or brightness mode) produces a two-dimensional image composed 
of a series of dots with different brightnesses that correspond to the amplitude of the 
retuming sound waves. The position of the dot is proportional to the actual distance 
the sound wave travels through the tissue. The image produced is a cross section 
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(slice) of the tissue covered by the transducer. The two-dimensional image seen on 
the screen is analogous to a histologic section of the organs, thus enabling the 
ultrasonographer to visualize the structures in a detail which approaches grossly 
viewing a histologic specimen (Pierson et al., 1988). Liquid-containing structures 
appear black on the screen because liquids do not reflect sound waves and are said 
to be anechoic or nonechogenic. On the other hand, dense tissues such as bone or 
cervix reflect more of the sound waves and appear white on the screen (Ginther, 
1995). B-mode real time ultrasonographic scanners are the ultrasound Instrument of 
choice to study reproductive organs in large animals. Real time refers to the 
continuous refreshing of images in the screen at a speed of 30 frames per second, 
thus creating the sensation of movement. 
The main parts of ultrasound equipment (see figure 4) are the console and 
the transducer (Kemkrau, 1993; Pierson et al., 1988): 
- Console: The console contains the pulser, receiver, digital scan converter and a 
display screen. The pulser initiates the electrical impulse that travels through a cable 
to the transducer. The piezoelectric crystals In the transducer originate the 
ultrasound beam. The echoes produced in the tissues are detected by the same 
crystals and are converted to electrical pulses that are sent to the receiver for further 
processing (including amplification and compensation of the retumed echoes. This 
is necessary to prevent loss of intensity due to attenuation. 
The digital scan converter stores the signals and displays the resulting 
images on the display screen or TV monitor. 
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Rgure 4: Components of an ultrasound scanner. From Ginther, 1995, p. 52. 
- Transducer The function of the transducer has been mentioned already. In clinical 
medicine and reproductive physiology, two main types of transducers are used. 
Linear array transducers consist of a number of piezoelectric crystals precisely 
aligned along the long axis of the probe. This type of arrangement produces a plane 
wavefront of ultrasound emission (Goddard, 1995). The image display is rectangular 
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and Is a cross sectional view of the area directly below the transducer. This type of 
transducer is most often used in rectal ultrasound examinations in cattle and horses. 
The second type of transducer is known as a sector scanner. Sector 
scanners use crystals that are mechanically or electronically swept in an arc over 
the body, and the resulting image is a pie-shaped display. This type of transducer is 
commonly used for imaging abdominal and thoracic structures (Hinkeidey and 
Hopkins, 1996). 
Uses of ultrasound in reproduction 
Clinical application in reproduction 
The use of ultrasonography as a diagnostic tool In female animal 
reproduction has been one of the Important advances that veterinary practitioners 
and reproductive physiologists have adopted to Increase their diagnostic capabilities 
and to study physiological events that previously were a matter of subjective 
evaluation. The clinical applications of ultrasound technology have been extensively 
reviewed by Boyd and Omran (1991), Kahn (1992), Stroud (1994), Rajamahendran 
et al. (1994), Hinkeidey and Hopkins (1996), and Ginther (1998) and will be briefly 
discussed in this dissertation. 
In a veterinary clinic setting, ultrasound technology has been of great value 
for the diagnosis of different reproductive pathologies as well as for determination 
and study of normal physiological events. Pathologies of the ovaries (such as 
ovarian cysts and ovarian tumors); Fallopian tubes (such as hydrosalpin); uterus 
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(such as endometritis, uterine cysts, hydro-, muco-, pyometra, and uronnetra), and 
fetuses may now be diagnosed using ultrasound technology. 
Ultrasonography has been used to examine the bovine reproductive tract. 
Knowledge of the ultrasonographic appearance of normal and pathological intemal 
organs is basic to understanding and interpreting the images collected during a 
reproductive examination. The echotexture of the ovary and Its structures, the 
uterus, and the vagina during the estrous cycle have been described by Pierson and 
Ginther (1984,1988), Boyd and Omran (1991), Boyd (1995), Hinkeldey and Hopkins 
(1996), and Ginther (1998). 
Ultrasonography has been used to assess postpartum uterine involution (dos 
Santos and Pereira Neves, 1994) and to evaluate pathological conditions during this 
period (Bekana et al., 1994). 
The evaluation of bovine artificial insemination techniques using B-mode, 
linear array ultrasonography has been reported by Beal et al. (1989). 
Pregnancy diagnosis and fetal sex determination in cattle have been well 
studied and are probably the two main diagnostic uses of ultrasound by veterinary 
practitioners and embryo transfer company personnel. To emphasize the clinical 
and commercial importance of these two areas, a more detailed description will be 
given below. 
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Pregnancy diagnosis 
Ultrasonography received widespread acceptance for early pregnancy 
diagnosis in different species due to the reliable results which can be achieved 
easily and instantly (Kahn, 1992). The sibility to definitively diagnose an early 
pregnancy could be important for breeding programs and for decreasing the total 
number of days open in intensive embryo transfer and artificial insemination 
programs (Stroud, 1994). Moreover, it could be useful in repeat breeders to 
determine the stage of early embryonic loss (Hill et. al, 1998). 
Transrectal ultrasound transducers of 7.5 or 5.0 MHz frequencies are 
recommended to obtain the best result. Higher MHz frequencies give better images 
but offer less penetration in the tissues. 
Early pregnancy detection has been studied by many different researchers. 
Discrete, nonechogenic 2 mm structures were visible within the uterus between 
days 12 and 14 and were identified as the embryonic vesicle because they were 
observed In heifers that later were confirmed to be pregnant (Pierson and Ginther, 
1984). The same researchers described that the fetus was first detectable between 
days 26 and 29 and that a heartbeat was found on the first day of observation. 
Curran et. al (1986a) found that embryonic vesicles were first detected 11.7 ± 0.4 
days after ovulation, and the detection of the fetus took until day 20.3 ± 0.3. These 
authors described that the embryonic vesicle occupied all of the ipsilateral hom on 
day 16.9 ± 0.6 and all of the contralateral hom on day 19.6 ± 0.9. Also they detected 
a heartbeat on the first day that the fetus was identified. 
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Accuracy of pregnancy diagnosis via uitrasonograpliy was not significantly 
greater than a guess (50%) before day 18. At that time the diagnosis was based 
primarily on the appearance of the corpus luteum and uterine echotexture, rather 
than on detection of the conceptus itself. However, accuracy reached 100% on 
Days 20 and 22 (Kastelic et. al, 1989). Chaffaux et. al (1986) found that nearly 
100% reliable results could be obtained for positive pregnancy diagnosis from 45 
days of gestation onward and that the ultrasonographic results were 100% reliable 
for negative diagnosis from 40 days onward. 
Another application of ultrasound is sonographic fetometry that allows the 
estimation of the fetal age, distinction of a conception in one cycle from that owing to 
a subsequent breeding, assessment of fetal growth, and diagnosis of pregnancy 
disorders (Kahn, 1992). Studying of the development of the bovine fetus on days 20 
to 60 was the aim of Curran et al. (1986b). These researchers were able to estimate 
the first day of detection of various fetal structures such as the spinal cord, 
forelimbs, optic area, hindlimbs, and ribs. 
Other important clinical and research applications of ultrasonography in cattle 
involve the detection of embryonic death and the monitoring of the physical events 
preceding and following embryonic death (Kastelic el. al, 1984). Ultrasound 
technology provides a useful tool to determine the time of fetal death which could 
not be determined using other technologies. The cessation of the fetal heartbeat 
and the decrease in heart rate are the reference points on which fetal viability 
assessments are made. 
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Fetal sex determination 
There is an increasing demand in the market place to know in advance the 
sex of the fetus because this may sometimes influence the monetary value of the 
pregnancy (Gordon, 1996). Fetal sexing is becoming more common in the dairy 
cattle industry, in stud beef herds, and in embryo transfer programs as this 
technology is becoming more available to veterinary practitioners and to embryo 
transfer companies (Hill et al, 1998). 
Fetal sex determination by ultrasonography is based on the identification of 
the genital tubercle, the embryonic structure that differentiates into the penis in 
males and the clitoris in females. The fetal sex organs are composed of dense, 
highly echogenic tissue similar to skeletal structures and, therefore, are depicted as 
bright or white structure on the ultrasound monitor (Stroud, 1994). During fetal 
develpment, the genital tubercle moves from its initial position between the hind legs 
towards the umbilical cord in males and toward the tail in females (Curran, 1992). 
The identification of fetal landmarks (head, beating hearth, hind limbs, umbilicus and 
tail) is necessary to perform a proper examination (Hinkeldey and Hopkins, 1996). 
The optimal days to perform fetal sex determination are somewhat disputed. 
Curran (1992) reported that days 58 to 68 post ovulation were the best days , but 
days 60 to 85 were indicated by Hill et al. (1998). Diaz el. al. (1995) obtained more 
than 97% accuracy of fetal sex detemnination between days 53 to 80 of gestation. 
Although obtaining adequate proficiency with this technique requires 
considerable time and effort, it is possible to conclude that fetal sex detemiination 
60 
by ultrasonographic identification and location of the genital tubercle is a highly 
accurate technique and could be of considerable value under both research and 
farm conditions. 
Another way to detemiine the sex of the fetus with the aid of ultrasonography 
is to obtain a sample of amniotic fluid extracted through a needle guided by 
ultrasound (Goto et. al, 1997). These researchers concluded that transvaginal 
ultrasound-guided amniocentesis, followed by PGR analysis of aspirated cell DNA 
can be used to accurately determine fetal sex in cows between 70 and 100 days of 
gestation. 
Monitoring ovarian follicular dvnamics 
One field on which B-mode real time ultrasonography has had a great impact 
and success is in the study of ovarian follicular dynamics in cattle. This technology 
provides the means through which that actual events occumng in the ovaries can be 
visualized, followed, and recorded. Ultrasonographic studies of ovarian follicular 
dynamics undoubtedly provided researchers with evidence needed to develop 
strategies to improve estrous synchronization programs and superovulation 
protocols and to understand physiological events occurring in the ovaries. 
Through ultrasound technology, it was possible to determine and confirm that 
ovarian follicular development during the bovine estrous cycle occurs in wave-like 
patterns (Pierson and Ginther, 1987; Fortune et al., 1988; SIrios and Fortune, 1990; 
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Fortune, 1993). Similar follicular wave pattems have also been described in 
prepubertal animals (Evans etal., 1994) and during pregnancy (Ginther, 1996). 
Follicular dynamics in postpartum cows and a general overview of follicular waves in 
cattle have been previously described in this dissertation and the reader is referred 
to those sections for a more detailed description. 
Ultrasound-Quided follicular aspiration 
Different methods have been used to recover immature bovine oocytes for 
the production of embryos by In vitro maturation/fertilization/culture (IVM/IVF/IVC) 
techniques. The most common way to produce embryos for research purposes is 
via uses of oocytes collected from slaughterhouse ovaries, and commercial 
application of in vitro embryo production has been considered. However, the lack of 
knowledge of the genetic background of the oocyte donors is the major drawback 
that prevents commercial use of in vitro produced embryos derived from 
slaughterhouse females. Laparoscopic oocyte collection has been described 
(Holland et al., 1981; Lambert et al., 1983,1986). However, this method may 
produce considerable trauma to the animal and could require general anesthesia. In 
addition, it may obtain fewer oocytes per aspiration session (as well as fewer 
resultant embryos produced) than with ultrasound-guided follicular aspiration (SantI 
etal., 1998). 
Ultrasound guided-transvaginal follicular aspiration (UGTFA) was developed 
to overcome some of the problems inherent to laparoscopic and/or surgical methods 
for oocyte recovery from living donors. This procedure was first described by 
Pieterse et al. (1988). Ultrasound guided-transvaginal follicular aspiration enable 
bovine oocytes to be collected repeatedly from the same donor over a long period of 
time without causing subsequent reproductive problems (Kruip et al., 1991). 
Ultrasound guided-transvaginal follicular aspiration, in conjunction with IVM/IVF/IVM, 
can be used successfully in research and commercial breeding programs for the 
production of bovine embryos. Moreover, Pieterse et al. (1991) and Kruip et al 
(1991) have suggested that UTVFA could be an altemative to traditional embryo 
transfer programs for the production of cattle embryos. These researchers estimated 
that 130 oocytes could be harvested for each donor In a year and the number of 
transferable embryos might exceed 30, a rate of production comparable with 
conventional repetitive superovulation procedures. 
Recovery rates of oocytes from ovarian aspirated follicles vary widely (from < 
30 to 70%) among research groups and/or embryo transfer companies (Ginther, 
1998). Research has been conducted to improve recovery rate, and the effect of 
frequency of follicular aspiration on oocyte recovery rate has been assessed. In 
addition, use of gonadotropin to stimulate the number and size of follicles available 
for oocyte pick up (OPU) has been investigated to determine if improved oocyte 
recovery rate and oocyte quality would result. Gibbons et al. (1994) devised a 
schedule for obtaining oocytes that was efficient, continuous, and was not 
detrimental to the animal. These authors compared once a week versus twice a 
week UGTFA to determine if there were differences in oocyte recovery per session 
and per week. Also they assessed the effect of exogenous FSH on ova recovery 
and compared the developmental competence of harvested oocytes with that of 
oocytes collected from slaughterhouse ovaries. The results showed that there were 
no differences in oocytes recovered per aspiration session between once a week 
versus twice a week and that FSH did not increase the number of oocytes 
recovered. However, twice-weekly aspiration (with or without FSH) was more 
efficient in producing transferable bovine embryos than once-weekly aspiration. 
Goto et al. (1995a) found similar result in regard of frequency of aspiration as well 
as Garcia and Salaheddine (1998). Development rate to the morula and blastocyst 
stages did not differ between oocytes recovered via UGTFA and slaughterhouse-
derived oocytes. However, Gibbons et al. (1995) reported that a higher percentage 
of morula and blastocyst stage embryos was produced in vitro from UTVFA oocytes 
than from slaughterhouse-derived oocytes. Although FSH treatment tended to 
increase the mean number of medium sized follicles, the mean number of oocytes 
collected did not differ between treatment groups nor did the developmental 
competence of recovered oocytes differ (Goto et al., 1995a,b). In agreement with 
the previous findings, Bungartz et al. (1995) found that treatment of donors with 
FSH increased the number of follicles available for aspiration, but no differences 
were observed in the number of cumulus oocyte complexes (COC) recovered, the 
percentage of viable COC, cleavage rate, and morula/blastocyst formation between 
FSH-treated and untreated groups. These researchers concluded that repeated 
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follicular aspiration in a twice-weeldy schedule to obtain viable COC was possible, 
and that exogenous FSH treatment did not increase oocyte yield. 
In contrast with these findings, Looney et al. (1994) recovered oocytes from 
infertile cows on a weekly basis. They determined that FSH significantly increased 
the number of follicles aspirated and the number of oocytes recovered while 
modestly improving the mean oocyte quality score. Also, donors treated with FSH 
produced more transferable quality embryos per retrieval than donors not treated 
with exogenous FSH. 
Ultrasound guided-transvaginai follicular aspiration has been successfully 
used to produce embryos from cattle in different phases of the estrous cycle 
(Pieterse et al. 1991) and at various stages of production (lactating, dry, pregnant, 
heifers), irrespective of the reproductive phase (Bungartz et al. 1995; Meintjes et al., 
1995). Special attention has been given to the retrieval of oocytes from prepuberal 
calves and heifers because of the dramatic impact that this could have in 
accelerating the rate of genetic improvement by decreasing female generation 
inten/al (Bergfelt et al. 1994; Brogliatti and Adams, 1996; Armstrong et al., 1997; Fry 
et al., 1998; Gordon, 1998). Ultrasound guided-transvaginai follicular aspiration also 
has been used in an attempt to start recruitment of a new cohort of follicles and to 
improve synchronization and superstimulation protocols, but results have been 
inconclusive (Brogliatti et al., 1997; Otoi et al., 1998). 
Considerable efforts have been and still are being made to improve 
ultrasound-guided transvaginal follicular aspiration equipment and materials (Scott 
et ad., 1994; Bols et al., 1995). Improving the recovery rate and preserving the 
quality of the oocytes han/ested from the ovaries are two key points to increasing 
the success of producing higher numbers of embryos by UGTFA-IVM/IVF/IVC. 
The conflicting results related to the recovery rate and developmental 
competence of oocytes harvested by UGTFA may be due to any one of a myriad of 
different factors, or a combination of them. Some of the factors that may impact the 
results are: equipment employed in the recovery (type of transducers, needles, 
aspiration pumps, aspiration pressures, etc); expertise of the technician performing 
the retrieval; stimulation protocols; breed and age of oocyte donor; management of 
the herds; season of the year; etc. However, one of the most important factors that 
appears to be disregarded is the huge animal to animal variation that seems to 
influence the outcome of experiments, especially when a low number of research 
animals have been used. 
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Abstract 
The developmental competence of oocytes from postpartum dairy cows and 
the potential role of the oocytes in postpartum infertility in dairy cows have not been 
clearly established. The objectives of this research were to determine the 
developmental competence of oocytes recovered from postpartum dairy cows and 
to assess the effect of repeated follicular aspiration on the number and size of 
ovarian follicles and on the endocrine patterns in postpartum dairy cattle. Ten 
muciparous Holstein dairy cows were selected on the basis of adjacent calving 
dates and were randomly assigned to one of two experimental groups in each of two 
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experiments. In experiment 1, ftve cows were assigned to ultrasound-guided 
follicular aspiration (UGFA) twice weekly for four weeks (from approximately day 30 
to day 60 postpartum). The second group of cows (n=5) served as a non-aspirated 
control. In experiment 2, all cows were subjected to UGFA twice weekly for four 
weeks beginning approximately 30 days after calving. Rve cows received IM 
injections of 50 mg of porcine follicle stimulating hormone twice daily for three days 
beginning Immediately after the first and fifth UGFA were performed. The remaining 
cows (n=5) were injected concurrently with the same volume of saline solution. 
Blood samples were obtained three times per week in both experiments to assess 
progesterone concentration. 
In experiment 1, UGFA decreased the number of large size ovarian follicles. 
Oocytes from postpartum dairy cows possessing excellent/good morphology did not 
differ from slaughterhouse ovaries in the percentage of blastocysts produced from 
oocytes recovered (15.4 and 24.7, respectively). Similar results were found in 
experiment 2. In experiment 2, FSH treatment had no effect on follicle sizes or 
numbers. Treatment of cows with FSH had no effect on the percentage of 
blastocysts that formed compared with saline-treated cows. The area under the 
curve for progesterone did not differ between treatment groups in experiment 1, but 
the area under the curve for progesterone was greater in FSH-treated than in 
control cows in experiment 2. In conclusion, this study provided evidence that UGFA 
is a useful tool to harvest oocytes from postpartum dairy cows, and many of the 
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recovered oocyte have the ability to develop into blastocysts following conventional 
IVM/IVF/IVC. 
Introduction 
The postpartum period in cattle has been extensively studied (Peters, 1984; 
Dobson and Kamonpatana, 1986; Hanzen, 1986; Short et al., 1990). After calving, 
cows experience a period of infertility of varying duration. To restore fertility during 
the postpartum period a chain of physiological events must occur. Uterine involution 
(Short et al., 1990), reestablishment of ovarian cyclic activity (Savio et al.,1990a; 
Savio et al., 1990b; Murphy et al., 1990; Roche et al., 1992), and development of an 
endocrine environment suitable for oocyte maturation, fertilization and embryonic 
and fetal development all are necessary steps in restoring normal function in the 
postpartum female (Bulman and Lamming, 1978; Webb et al., 1980; Lamming et al., 
1981; Moss et al., 1985; Nett, 1987; Nett et al., 1988; Kindahl et al., 1992; Inskeep, 
1995; Williams and Griffith, 1995). 
The role of a short luteal phase, the uterine environment, and oocyte 
developmental competence In postpartum beef cows has been the focus of several 
researchers (Butcher et al., 1992; Breuel et al., 1993; Schrick et al., 1993). Breuel 
et al. (1993) suggested that the low fertility associated with the first postpartum 
ovulation was not due solely to premature luteal regression. They hypothesized that 
either the ovulation of an oocyte with an inherent or acquired defect (which 
prevented its development) or an oviductal/uterine environment that was hostile to 
embryonic development may be responsible. Schrick et al. (1993) concluded that 
the uterine environment might play a role in the lower embryonic survival observed 
in cows exhibiting short luteal phases. Short et al. (1974) artificially inseminated 
cows at the first postpartum estrus either in the tip of the uterine hom or in the 
uterine body. Results suggested that uterine environment rather than an inherit 
defect of the oocyte was the major reason for infertility. 
Dairy cows typically are exposed to a different production stress, nutritional 
program and general management than beef cows. This is reflected in the 
postpartum nutrient requirements and postpartum disorders that affect dairy cattle 
differently than beef cattle. Britt (1994) hypothesized that developing follicles can be 
affected by the environment in which they develop and, therefore, can become 
imprinted in a way that leads to poorer fertility during the breeding period. He 
proposed that preantral follicles exposed to adverse environmental conditions would 
have altered gene expression, leading to impaired or altered development. The 
impaired follicles would then result in the formation of dysfunctional mature follicles, 
which would produce poor quality oocytes and/or result in the formation of a 
compromised CL. 
However, the quality of the oocytes in the ovaries and their developmental 
capacity during the postpartum period in cattle has not yet been clearly established. 
The role of the oocyte in postpartum infertility has been difficult to ascertain with the 
conventional reproductive technologies available. With the advent of ultrasound-
guided follicular aspiration (UGFA) technology, it is now possible to recover 
immature oocytes from living cows to study their developmental capacity after in 
vitro maturation/in vitro fertilization/in vitro culture (IVM/IVF/IVC). Developmental 
competence of oocytes recovered from postpartum cows using UGFA can be 
assessed without the confounding effects of the uterine and endocrine postpartum 
environments. The use of UGFA seems to be an approach that will enable the 
elucidation of the role of oocytes in postpartum infertility in cattle. 
Researchers have demonstrated the ability to obtain offspring from oocytes 
harvested from pregnant cows (Meintjes et al., 1995), clinically infertile females 
(Looney et al., 1994), prepuberal calves (Brogliatti and Adams, 1996), and cycling 
cows (Pieterse et al., 1988; Kruip et al., 1991; Pieterse et al., 1991; Gibbons et al.; 
1994; Goto etal., 1995; Garcia and Salaheddine, 1998) using UGFA. The potential 
production of calves from cows during their postpartum period has not been 
investigated. 
The objectives of this study were to determine the developmental 
competence of oocytes recovered from postpartum dairy cows and to assess the 
effect of repeated follicular aspiration on the number and size of ovarian follicles and 
on the endocrine patterns of postpartum dairy cattle. 
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Materials and Methods 
Experimentai animals 
Ten multiparous Holstein dairy cows, 3 to 7 years of age, were selected on 
the basis of adjacent calving dates and were randomly assigned to one of two 
experimental groups in each of two experiments. Experiment 1 was performed from 
August to November of 1997, and experiment 2 was conducted from June to 
September of 1998. 
Experimental groups 
in experiment 1, five cows were assigned to ultrasound-guided follicular 
aspiration (UGFA) twice per week for a total of four weeks (from approximately day 
30 to day 60 postpartum). The second group of cows (n=5) served as a non-
aspirated control. Cows did not receive any treatment previous to UGFA sessions. 
In experiment 2, all cows received a lOOmcg IM injection of GnRH (Gystorelin 
- Sanofi) on approximately day 24 postpartum (range 20 to 27) and a 25 mg IM 
injection of PGFja (Lutalyse - Upjohn) 7 days later. This treatment was used with the 
intent to standardize all cows in the experiment so that all females had ovulated and 
developed a CL prior to the initiation of the experimental treatment period. Five cows 
received IM injections of 50 mg of porcine follicle stimulating hormone (Folltropin-V -
Vetrepharm) twice daily for three days (total dose = 300 mg) beginning immediately 
after the first and fifth UGFA were perfomied. The remaining cows (n=5) were 
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Injected concun^ently with the same volume of saline solution in a series of six 
injections. 
Ultrasound and oocyte retrieval equipment 
An Aloka 500 Micms ultrasound console (Aloka Co., LTD) was used with a 5 
MHz convex array transducer housed in a 60 cm length plastic handle containing a 
stainless steel needle guide. For oocyte retrieval, a 17 gauge 55 cm length single 
lumen needle was used to aspirate the ovarian follicles with the aid of a regulated 
vacuum pump (K-MAR-5000 - Cook Veterinary Products) that produced a flow rate 
of 22 ml/min into an Em-Com embryo filter (Immunosystems, Inc.). 
Procedures 
In experiment 1, ultrasound was perfonned daily to monitor changes in 
ovarian structures (e.g., follicles, corpora lutea) of cows in both groups. 
Ultrasonographic monitoring began when cows were approximately 24 days 
postpartum. Each animal was restrained in a squeeze chute, and the perineal region 
was washed. The ultrasound transducer (covered with a probe cover) was inserted 
inside the vagina, and each ovary was visualized by gentie repositioning (via rectal 
palpation) to the point just across the vaginal wall from the ultrasound transducer. All 
ultrasonography was recorded on video to enable subsequent re-evaluation and 
measurements. 
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Ultrasound guided-follicular aspiration was performed twice per week in both 
groups for four weeks. On the day of oocyte retrieval, cows designated for UGFA 
were handled in a similar manner except that epidural anesthesia (2% lidocaine 
hydrochloride; 1 cc per 100 Kg body weight) was administered to prevent rectal 
contractions. After the ovary was visualized, the oocyte retrieval needle (previously 
introduced into the needle guide) was inserted through the vaginal wall and into the 
ovarian follicles. Vacuum pressure was applied as the needle entered each follicle to 
enable recovery of oocytes. All follicles > 3 mm in diameter were aspirated. 
After UGFA was completed, the Em-Com filter was rinsed twice and its 
contents were placed into a gridded petri dish to enable location of oocytes using a 
stereomicroscope. 
Cow body weight (BW) and body condition score (BCS)(scale 1 - 5) were 
assessed on the first and last day of the experiment in experiment 1. 
In experiment 2, the procedures were similar except that ultrasonographic 
imaging of the ovaries began on the day of the GnRH injection, the first UGFA was 
performed 48 hours after the injection of PGFja, and cow BW and BCS were 
assessed once per week from calving to the end of the experiment. 
Oocyte classification and IVM/IVF/IVC methods 
The cumulus oocyte complexes (COC) harvested from each cow were 
divided into two groups based on oocyte morphology. Oocytes with even 
cytoplasmic pigmentation possessing > 3 complete layers of cumulus cells were 
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classified as excellent/good. Oocytes with < 3 complete layers of cumulus cells (or 
partially/totally denuded) and/or with uneven cytoplasmic pigmentation were 
assigned to the fair/poor quality group. 
Oocytes from each donor were matured at 39 °C in tissue culture medium 
199 (Sigma M-2520) supplemented with 10% fetal bovine serum (Hyclone 
Laboratories Inc, A-1111-N) for 22 - 24 hours in an atmosphere of 5% COj in 
humidified air (Caamaho et al., 1996). Frozen-thawed semen from a single Angus 
bull was prepared for IVF using Brackett-Oliphant (BO) medium (Brackett and 
Oliphant, 1975), and COG were placed in fertilization drops (5X10® sperm/ml) 
consisting of BO medium supplemented with 10% bovine serum albumin 
(BSA);(Sigma A-4503). Cumulus cells were mechanically removed immediately after 
the 6-hour insemination period. Presumptive zygotes were cultured at 39 °C for 7 
days in CR1AA medium with 0.2 % BSA (without co-culture cells) in an atmosphere 
of 5% COj, 5% Oj, 90% Nj. Blastocyst formation rate was determined on day 7 (Day 
0 = onset of insemination), and blastocyst cell numbers were determined following 
DNA-specific cell staining (Pursel et al., 1985). 
Control IVF 
During the same time that oocytes from postpartum cows were subjected to 
IVM/IVF/I VC, ovaries were obtained once per week from slaughterhouse females to 
enable harvest of oocytes for subsequentlVM/IVF/IVC as described above. The 
slaughterhouse oocytes served as a quality control of our IVF system. 
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Blood sampling 
Blood samples were taken by coccygeal venipuncture three times per week 
during the entire experimental period from cows in experiment 1. In experiment 2, 
the same procedure was followed, but sample collection began shortly after calving 
and continued until the end of the experiment. Samples were collected to enable 
assessment of plasma concentration of progesterone. 
In experiment 2 a subset of four cows was bled four times per day for one 
week to enable assessment of FSH concentration. Two cows were bled the first 
week of UGFA, and the other two cows were bled the third week that UGFA was 
performed. 
Blood was collected into heparinized tubes, samples were centrifuged, and 
plasma was collected and frozen at - 20 °C until subsequent analysis. 
Radioimmunoassay of progesterone and FSH 
Progesterone levels were determined in duplicate 200-fil aliquots of plasma 
with radioimmunoassay procedures described by Reynolds et al. (1983). Recovery 
after extraction with benzene-hexane was 80.6% and 84.3 % for experiment 1 and 
experiment 2, respectively, and the minimal detectable concentration of 
progesterone was 0.31 ng/ml and 0.29 ng/ml, respectively. Only one assay was 
performed In experiment 1 and the intraassay CV was 10.6%. The inter- and 
intraassay CV were 17.1 and 15.4%, respectively, for experiment 2. 
FSH was measured as described by Bolt and Rollins (1983), using USDA 
FSH-BP1 as the standard. The sensitivity of the assay was 0.5 ng/ml. Only one 
assay was performed, and the intraassay CV was 18.5%. 
Statistical analysis 
Ovarian follicles were classified as large (> 9 mm), medium (4 to 8 mm) or 
small (< 4 mm). The experiment was divided in 8 periods (each period included the 
days between two UGFA sessions, and the last day of the period was the day of 
UGFA), and the average number of follicles in each size class in a period was used 
in the analysis. Follicle number (total and by size) were analyzed using the general 
linear model (GLM) procedure of the Statistical Analysis System (SAS, 1988). 
Treatments were randomly assigned to cows, and cows within treatment was used 
to evaluate the difference between treatments. Periods and period by treatment 
interaction were tested against the residual error. The effect of FSH on follicular 
population within the FSH-treated cows was also analyzed using conventional 
analysis of variance for unequal subclass numbers using the GLM procedure of 
SAS. 
The GLM procedure of SAS was used to analyze the area under the curve for 
progesterone. The sole Independent variable was treatment, and only the period 
between the first UGFA and the last UGFA was considered in the analyses. The 
area under the curve for FSH was assessed for each cow in the subset. The periods 
considered were previously described (see blood sampling). 
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Cleavage rate, blastocyst formation rate and embryonic cell number (after log 
2 transfonnation) were analyzed using conventional analysis of variance for unequal 
subclass numbers using the GLM procedure of SAS. 
The effect of body weight, body condition score and the difference of BW and 
BCS (between the day of UGFA was perfomned and three weeks prior to the UGFA) 
on follicular population and oocyte developmental competence were also analyzed 
following the similar procedure described to analyze follicular number. 
Results 
Experiment 1: A total of eight aspirations was performed in each treatment 
cow. The overall efficiency of oocyte recovery was 53.7% and the average number 
of oocytes recovered per cow per UGFA was 4.2. 
Data on the total number and size of follicles from UGFA and control cows 
are presented in Table 1. Treatment affected (p< 0.007) the number of large size 
follicles. However, the most important factor influencing the number and size of 
follicles was the individual cow herself (p< 0.02). 
The quality of oocytes harvested from each cow and the cleavage and 
blastocyst fomnation rates after in vitro maturation/in vitro fertilization/in vitro culture 
are shown in Table 2. Overall, oocytes classified as excellent/good quality produced 
higher cleavage and blastocyst fomnation rates than oocytes classified as fair/poor 
quality. Although variation among cows in the quality of oocytes was evident (Table 
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2), at least one blastocyst was produced from each cow subjected to ultrasound-
guided follicular aspiration during postpartum days 30 to 60. 
Table 3 summarizes the cleavage and blastocyst formation rates from all 
oocytes and from oocytes with excellent/good morphology obtained with ooc^es 
collected from UGFA cows and from slaughterhouse ovaries. When comparing 
developmental rates of oocytes from slaughterhouse ovaries with that of all oocytes 
harvested via UGFA, poorer (p<0.05) development was observed from oocytes 
collected from postpartum cows. However, the percentage of blastocysts (15.4%) 
produced from oocytes possessing excellent/good morphology which were 
recovered from postpartum dairy cows did not differ (p > 0.24) from the percentage 
of blastocysts (24.8%) produced from excellent/good quality oocytes recovered from 
slaughterhouse ovaries. 
There was no difference (p> 0.65) in the number of cells present in 
blastocysts produced from oocytes harvested from postpartum cows compared with 
that in blastocysts produced from oocytes recovered from slaughterhouse ovaries. 
By day 7, early blastocysts, blastocysts, expanded blastocysts, and hatched 
blastocysts had gone through 5.0 ± 0.5, 5.6 ± 0.1, 6.5 ± 0.1, and 7.4 ± 0.3 cell 
divisions, respectively. 
The area under the curve for progesterone did not differ (p> 0.59) between 
treatment groups in experiment 1. All control cows had or developed a corpus 
luteum during the experiment. All treatment cows had ovulated before the first 
UGFA was performed. 
Cow body weight remained essentially the same from the beginning (648 Kg) 
to the end (643 Kg) of the experiment. Similarly, body condition score was similar at 
the beginning (3.4 score) and the end (3.5 score) of the experiment. 
Experiment 2: A total of eight aspirations was performed per cow, and the 
overall oocyte recovery rate was 57.1%. The average number of oocytes per cow 
per UGFA was 5.4. 
No effect of period was detected among FSH-treated cows on the number 
and size of follicles. For this reason, data was pool across period for subsequent 
analyses. Data on the number and size of ovarian follicles are presented in Table 4. 
No effect of treatment (FSH vs. saline), period, or treatment by period interaction 
was found in any follicle size class (large, medium, small) or in the total number of 
ovarian follicles of postpartum dairy cows. However, great variation (p < 0.01) 
among cows was observed. 
The number and quality of oocytes harvested from each cow and the 
cleavage and blastocyst formation rates after IVM/iVF/IVC are shown in Table 5. 
Treatment of cows with FSH affected neither the percentage of oocytes that cleaved 
after IVF (p> 0.44) nor the percentage of blastocysts that formed (p> 0.09) 
compared with saline-treated cows. 
When oocytes collected from UGFA cows were compared with oocytes 
recovered from slaughterhouse ovaries, higher (p < 0.01) cleavage and blastocysts 
formation rates were observed in oocytes from slaughterhouse ovaries (Table 6). 
However, oocytes possessing excellent/good morphology which were harvested 
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from postpartum dairy cows did not differ (p>0.067) from excellent/good morphology 
oocytes collected from slaughterhouse ovaries in the percentage of blastocysts 
which formed, even though cleavage rate of oocytes harvested via UGFA was lower 
(p<0.01). 
The number of cells in blastocysts produced from FSH-treated cows (71.4 
cells) did not differ (p > 0.89) from that in blastocysts produced from saline-treated 
cows (70.6 cells). Similarly, no differences were found (p > 0.96) between 
blastocysts produced from oocytes classified as excellent/good quality (70.6 cells) or 
fair/poor quality (71.42 cells). 
There was no difference (p> 0.089) in the number of cells present in 
blastocysts produced from oocytes harvested from postpartum cows compared to 
that in blastocysts produced from oocytes recovered from slaughterhouse ovaries. 
Similarly, no difference (p > 0.80) was observed between blastocysts produced from 
oocytes classified as excellent/good or fair/poor quality. 
By day 7, early blastocysts, blastocysts, expanded blastocysts, and hatched 
blastocysts went through 4.8 ± 0.1, 5.6 ± 0.1, 6.2 ± 0.1, and 6.9 ±0.1 cell divisions, 
respectively. 
No effects of BW, BCS, difference BW and difference BCS were found in 
follicular population or oocyte developmental competence. 
The area under the curve for progesterone was higher (p< 0.0001) In FSH-
treated cows (5.72 ± 0.62) than in for saline-treated cows (1.55 ± 0.69). No 
differences (p > 0.1724) were observed in the area under the curve for progesterone 
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among the four weeks that ultrasound-guided follicular aspiration was perfomned. 
Rgures 1 and 2 present the progesterone pattem in 3 FSH treated cows and in 2 
saline treated cows, respectively. These cows were selected basis on the elevation 
of progesterone that appeared after UGFA. The remaining cows (FSH- and saline-
treated) did not show progesterone elevations after UGFA or these elevations were 
under 1 ng/ml. 
As an example of FSH pattem, two cows (one FSH- and one saline-treated) 
that were bled the first week of UGFA and received for the first time injections of 
exogenous FSH are presented in Rgure 3 and 4. 
Discussion 
In experiment 1, UGFA decreased the number of large size ovarian follicles 
and tended to increase the number of medium size follicles, although the total 
number of ovarian follicles did not differ between the treatment groups. This result 
was something that could be expected because UGFA removed all large follicles. 
Large dominant follicles have been implicated in the inhibition of subordinate follicles 
by several researchers (Ireland and Roche, 1987; Ireland, 1987; Murphy et al., 
1990; Roche et al., 1992; Savio et al., 1993; Fortune, 1994; Thatcher et al., 1996) 
and it has been hypothesized that the removal of the large follicles would allow the 
growth of medium size follicles from the pool of growing follicles. 
In experiment 2, FSH treatment did not increase the total number of ovarian 
follicles or the number of follicles in any given size class. It was anticipated that 
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administration of exogenous FSH would produce an increase in follicle numbers and 
size. Looney et al. (1994) reported that cows treated with FSH possessed an 
increased number of follicles and yielded a greater number of oocytes. Bungartz et 
al. (1995) found that treatment of donors with FSH increased the number of follicles 
available for aspiration, but no differences were observed in the number of oocytes 
recovered. However, Goto et al. (1995) did not find a significant effect of FSH 
treatment on the number of follicles > 2 mm in diameter, and Gibbons et al. (1994) 
found that FSH did not increase the number of oocytes recovered. These 
contradictory results from the various research groups are difficult to explain. 
Differences in the stimulation protocol, frequency of the aspiration, breed and 
reproductive status potentially could explain these findings. For example, Gibbons et 
al. (1994) suggested that frequent UGFA could increase endogenous FSH levels, 
and the UGFA-induced elevation of FSH probably overshadowed any effects from 
exogenous FSH. No beneficial effects of treatment with exogenous FSH were 
detected in postpartum dairy cows with the doses and stimulation protocol used in 
our experiment. However, we observed that the most Important factor influencing 
the number and size of follicles was the individual cow herself. This biological 
variation among animals could explain not only the differences in results among 
various research groups but also our findings. A larger number of animals per 
treatment will be needed before reaching a definitive conclusion conceming the 
ability of exogenous FSH to increase the number of ovarian follicles and oocytes 
recovered from postpartum dairy cows. 
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The assessment of the oocyte developmental competence during the 
postpartum period in dairy cattle was a major objective of this research. In 
experiment 1, oocytes collected from postpartum dairy cows showed decreased 
cleavage and blastocyst formation rates compare with oocytes collected from 
slaughterhouse ovaries. However, if only excellent/good quality oocytes were 
compared, no differences were found between groups in the percentage of oocytes 
that produced blastocysts. In addition, embryonic cell numbers in the resultant 
blastocysts did not differ between the groups. Similar results were found in 
experiment 2. It should be noted that approximately 25% of the oocytes collected 
fonn postpartum dairy cows in both experiments were classified as having 
excellent/good morphology. These are interesting results because the potential role 
of oocytes in postpartum infertility Is not yet fully understood. Our results suggest 
that a portion of the immature oocytes harvested from dairy cows between days 30 
and 60 postpartum has the potential to be fertilized and develop into an embryo 
using conventional IVM/IVF/IVC. The approach used in this research allowed us to 
isolate the oocytes from the cows and avoid any uterine and endocrine influences 
that may affect fertilization and embryonic development. Our results are in 
agreement with those of Schrick et al. (1993) and Inskeep (1995). These 
researchers suggested that oocyte developmental competence may not be the 
major contributor to postpartum infertility. However, no direct evidence was gathered 
on oocyte morphology, and the oocyte/embryos were exposed to oviductal/uterine 
environment that could certainly influence their results. In addition, their studies 
were performed in beef cows. Our studies were performed in lactating postpartum 
dairy cows that have quite different nutritional and management requirements than 
beef cattle. 
Britt (1994) hypothesized that developing follicles of dairy cattle can be 
affected by the environment in which they develop, and, therefore, can become 
imprinted in a way that leads to poorer fertility during the breeding period. He stated 
that metabolic factors could Influence early follicular development and that changes 
in the eariy postpartum period could influence preantral follicles destined to ovulate 
weeks later during the breeding period. Negative energy balance and associated 
changes in metabolism during the early postpartum period play an Important role 
and fomn the basis of what this researcher called "adverse environmental 
conditions". Britt (1994) suggested that the first two postpartum ovulatory follicles 
typically develop under positive energy balance during the dry period, and for this 
reason the oocytes produced during this period are not expected to be 
compromised. However, tiie third, fourth and fifth ovulatory follicles (ovulated = 60 to 
120 days postpartum) typically develop under negative energy balance and could be 
compromised in their developmental competence, affecting the re-breedIng ability of 
postpartum dairy cows. Our results partially support the Britt (1994) hypothesis 
because several oocytes collected from lactating dairy cows (from postpartum days 
30 to 60) had the potential to be fertilized and develop under in vitro conditions. 
However, great variation between experimental animals existed, and further 
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research is needed to conclusively establish the role of oocytes in postpartum 
infertility in dairy cattle. 
Stimulation of postpartum cows with exogenous FSH (experiment 2) did not 
improve the quality of the harvested oocytes, their developmental competence, or 
the cell numbers in resultant blastocysts. These results are in good agreement with 
those of Bungartz et al. (1995) and Goto et al. (1995). However, Looney et al, 
(1994) showed some benefit of using exogenous FSH in infertile cows. It seems 
that, the reproductive state of the cows is an important factor to consider when 
assessing the outcome of different studies. 
The area under the curve for progesterone did not differ between treatment 
groups in experiment 1. This result is likely best explained by the fact that cows with 
different ovarian status were used in this experiment. Some of the cows in both 
groups had already ovulated by the start of the experiment, thereby providing limited 
information about the effect of UGFA on the progesterone profile of postpartum 
dairy cows. However, in experiment 2 all cows received a treatment (GnRH and 
PGFjot) to standardize ovarian conditions, enabling us to assess the effect of UGFA 
on progesterone profiles. In experiment 2, the area under the curve for progesterone 
differed between FSH-treated and control cows. However, in both groups were 
echogenic structures (luteinized structures) were identified in the ovaries of cows 
after UGFA was perfonned. These luteinized structures (LS) likely caused the 
elevation of progesterone observed after UGFA was conducted because no corpora 
lutea were present. It was concluded that repeated UGFA may induce luteinization 
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of the ovarian follicular wall. The clinical and biological implications of these findings 
(if any) remain to be elucidated in future experiment. However, it is intriguing that 
FSH-treated cows had a higher elevation of progesterone after UGFA than did 
saline-treated cows. Perhaps FSH primed the granulosa cells in a way that further 
prepared them to produce higher levels of progesterone when these cells become 
part of the luteinized structure. This phenomenon is something that definitely needs 
further investigation. 
The FSH profiles in postpartum dairy cows did not provide insightful 
information concerning the effect of UGFA. However, further research in this area 
could be important to assess and understand the benefit of giving exogenous FSH 
to postpartum dairy cows. 
One important limitation in our study (and in many of the other studies cited in 
this paper) is the limited number of cows per treatment. Although studies of this 
nature are very labor intensive, future experiments should attempt to utilize a larger 
number of animals. 
In conclusion, we provided evidence that UGFA is a useful tool to harvest 
oocytes from postpartum dairy cows to assess oocyte developmental competence. 
The potential application of UGFA combined with IVM/IVF/IVC for embryo/calf 
production during the postpartum period (days 30 to 60) in dairy cows seems 
plausible and should be carefully considered. 
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Table 1. Follicle number and size in untreated postpartum cows and cows which 
underwent ultrasound-guided follicular aspiration (Experiment 1). 
Follicle Size 
Group+ n* JTotai _ Large _Medium _Small 
{ X ± SEM) { X ± SEM) ( X ± SEM) ( x ± SEM) 
UGFA 40 13.5 ± 0.39 1.0 ± 0.11* 3.1 ± 0.22 9.6 ± 0.29 
Control 40 19.1 ± 0.39 1.9 ± 0.11" 1.8 ± 0.22 15.4 ± 0.29 
" Values within columns having unlike superscripts are different (p < 0.01). 
+ UGFA denotes ultrasound-guided follicular aspiration. 
* The numtjer of follicles present in each cow (n=5) at each aspiration (n=8). 
Table 2. In vitro embryo production from oocytes harvested from post-partum dairy 
cows (Experiment 1). 
Oocyte No. (%)* No. (%)" of oocytes that 
Cow # quality ooc^es cleaved formed 
blastocyst 
1304 excellent/good 19 (44) 10 (52.6) 4 (21.1) 
fair/poor 24 (56) 8 f33.3) 1 (4.2) 
TOTAL 43 18 (41.9) 5 (11.6) 
1126 excellent^good 9 (26) 1 (11.1) 0 (0.0) 
fair/poor 25 (74) 2 (8.0) 2 (8.0) 
TOTAL 34 3 (8.8) 2 (5.9) 
1232 excellent^good 0 (0) 0 (0.0) 0 (0.0) 
fair/poor 54 flOO) 2 (3.7) 1 (1.9) 
TOTAL 54 2 (3.7) 1 (1.9) 
1112 excellent/good 6 (67) 2 (33.3) 2 (33.3) 
fair/poor 3 (33) 0 (0.0) 0 (0.0) 
TOTAL 9 2 (22.2) 2 (22.2) 
1204 excellent/good 5 (18) 2 (40.0) 0 (0.0) 
fair/poor 23 (82) (21.7) 1 (4.3) 
TOTAL 28 7 (25.0) 1 (3.6) 
TOTAL excellent/good 39 (23) 15 (38.5) 6 (15.4) 
fair/poor 129 (77) 17 (13.2) 5 (3.9) 
GRAND TOTAL 168 32 (19.0) 11 (6.5) 
* Expressed as a percentage of the total oocytes recovered from each cow. 
" Expressed as a percentage of oocytes within each oocyte quality classification. 
Table 3. In vitro embryo production from all oocytes and from excellent/good quality oocytes collected from 
postpartum cows or slaughterhouse ovaries (Experiment 1). 
All oocytes Oocytes of excellent/good morphology 
Group* n y^Cleaved 
(  X  ±  S E M )  
% Blastocyst 
( X  ±  S E M )  
n %_Cleaved 
( X  ±  S E M )  
% ^ astocyst 
( X ± SEM) 
UGFA 168 19.0 ±5.7" 6.5 ± 3.4' 39 38.5 ± 6.5' 15.4 ±6.9 
SH 831 64.0 ± 2.6" 16.1 ± 1.5" 218 73.8 ±2.7" 24.7 ± 2.9 
Values within columns having unlike superscripts are different (p < 0.05). 
* UGFA denotes oocytes recovered from postpartum cows using ultrasound-guided follicular aspiration; 
SH denotes oocytes recovered from ovaries of slaughterhouse females. 
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Table 4. Follicle number and size in postpartum dairy cows treated with FSH or 
saline (Experiment 2). 
Follicle Size 
Group+ n* JTotal _Large Medium ^mall 
( X ± SEM) ( X ± SEM) ( X ± SEM) ( x ± SEM) 
FSH 40 16.5 ±0.50 2.0 ±0.16 5.0 ±0.36 9.4 ±0.42 
Saline 40 17.6 ±0.50 1.7 ±0.16 5.3 ±0.36 10.6 ±0.42 
+ FSH denotes cow treated with exogenous follicle stimulating homnone. 
* The number of follicles present in each cow (n=5) at each aspiration (n=8). 
Table 5. In vitro embryo production from oocytes harvested from post-partum dairy 
cows treated with FSH or saline (Experiment 2). 
Oocyte No. (%)* No. of oocytes that 
Cow # quality oocytes cleaved formed 
(treatment) blastocyst 
1374 excellent/good 3 (17.6) 2 (66.7) 1 (33.3) 
(FSH) fair/poor 14 (82.4) (64.3) 2 (14.3) 
TOTAL 17 11 (64.7) 3 (17.6) 
1383 excellent/good 5 (23.8) 2 (40.0) 0 (0.0) 
(FSH) fair/poor 16 (76.2) (56.3) 1 (6.3) 
TOTAL 21 11 (52.4) 1 (4.8) 
1430 excellent/good 15 (40.5) 9 (60.0) 2 (13.3) 
(FSH) fair/poor 22 (59.5) 2 (31.8) 0 (0.0) 
TOTAL 37 16 (43.2) 2 (5.4) 
1387 excellent/good 1 (5.6) 0 (0.0) 0 (0.0) 
(FSH) fair/poor 17 (94.4) (11.8) 0 (0.0) 
TOTAL 18 2 (11.1) 0 (0.0) 
1318 excellent/good 14 (20.0) 4 (28.6) 0 (0.0) 
(FSH) fair/poor 56 (80.0) 8 (14.3) 0 (0.0) 
TOTAL 70 12 (17.1) 0 (0.0) 
Subtotal excellent^good 38 (23.3) 17 (44.7) 3 (7.9) 
(FSH) fair/poor 125 (76.7) J5 (28.0) 3 (2.4) 
TOTAL 163 52 (31.9) 6 (3.7) 
Table 5; continuing onto a second page 
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Table 5. (continued) 
Oocyte No. (%)* No. (%) of oocytes that 
Cow # quality oocytes cleaved formed 
(treatment) blastocyst 
1418 excellent^good 18 (40.0) 10 (55.6) 6 (33.3) 
(saline) fair/poor 27 f60.0) 10 (37.0) 4 (14.8) 
TOTAL 45 20 (44.4) 10 (22.2) 
1350 excellent/good 0 (0.0) 0 (0.0) 0 (0.0) 
(saline) fair/poor 11 (100) (18.2) (0.0) 
TOTAL 11 2 (18.2) 0 (0.0) 
1048 excellent/good 24 (35.8) 12 (50.0) 4 (16.7) 
(saline) fair/poor M (64.2) 16 (37.2) A (9.3) 
TOTAL 67 28 (41.8) 8 (11-9) 
1409 excellent/good 8 (15.0) 7 (87.5) 1 (12.5) 
(saline) fair/poor 45 (84.9) 24 r53.3) 6. (13.3) 
TOTAL 53 31 (58.5) 7 (13.2) 
1411 excellent/good 6 (22.2) 1 (16.7) 0 (0.0) 
(saline) fair/poor 21 (77.8) 2 (9.5) (0.0) 
TOTAL 27 3 (11.1) 0 (0.0) 
Subtotal excellent/good 56 (27.6) 30 (53.6) 11 (19.6) 
(saline) fair/poor 147 (72.4) 54 (36.7) J14 (9.5) 
TOTAL 203 84 (41.4) 25 (12.3) 
TOTAL excellent/good 94 (25.6) 47 (50.0) 14 (14.9) 
fair/poor 272 (74.3) 89 (32.7) 17 (6.2) 
GRAND TOTAL 366 136 (37.1) 31 (8.4) 
* Expressed as a percentage of the total oocytes recovered from each cow. 
" Expressed as a percentage of oocytes within each oocyte quality classification. 
Table 6: In vitro embryo production from all oocytes and from excellent/good quality oocytes collected from 
postpartum cows or slaughterhouse ovaries (Experiment 2). 
All oocytes Oocytes of excellent/good morphology 
Groups n %^Cleaved % l^astocyst n %_Cleaved % Blastocyst 
{ x ± S E M )  ( x ± S E M )  ( x ± S E M )  ( x ± S E M )  
UGFA 366 37.2 ±4.5' 8.5 ±2.3" 94 50.0 ±5.6" 14.9 ±4.4 
SH 933 67.2 ±2.8" 19.5 ±1.5' 552 70.6 ±2.3' 24.3 ±1.8 
Values within columns having unlike superscripts are different (p < 0.01). 
* UGFA denotes oocytes recovered from postpartum cows using ultrasound-guided follicular aspiration; 
SH denotes oocytes recovered from ovaries of slaughterhouse females. 
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PREUMiNARY OBSERVATIONS ON ULTRAS0UNE3-GUIDED FOLUCULAR 
ASPIRATION IN POSTPARTUM BEEF COWS 
A paper prepared for submission to The Veterinary Record 
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P. Dixo^  ^C.R. Youngs' 
Abstract 
The objectives of this research were to assess the feasibility of using 
Ultrasound-guided follicular aspiration (UGFA) to recover oocytes from postpartum 
suckled beef cows and to assess progesterone profile of the oocyte donors. Eight 
postpartum beef cows were randomly assigned to one of two treatment groups. Four 
cows were subjected to weekly UGFA for three weeks beginning approximately 30 
days after calving, while the remaining cows served as non-aspirated control. Blood 
samples were taken three times per week during the course of the experiment to 
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enable assessment of progesterone and estradiol. Aspiration had no effect on the 
total number of ovarian follicles or the distribution of follicles among size classes 
(large, medium, small). 
The percentage of harvested oocytes that had excellent/good morphology was 37%. 
Although the total area under the curve for progesterone did not differ between 
treatment groups, echogenic structures were observed in the ovaries of cows after 
UGFA coupled with a rise in progesterone. All cows in the experiment became 
pregnant during the subsequent breeding season. It is concluded that UGFA is a 
useful tool to recover oocytes from postpartum beef cows, and the potential use of 
this technology in conjunction with In vitro maturation/in vitro fertilization/in vitro 
culture for the production of viable embryos from early postpartum cows should be 
carefully considered. 
Introduction 
Factors affecting the postpartum period in cows have been studied by several 
researchers (Peters, 1984; Dobson and Kamonpatana, 1986; Hanzen, 1986; Short 
et al. 1990). Nutrition and suckling have been recognized as major factors 
influencing initiation of cyclic ovarian activity in postpartum beef cows (Williams, 
1990; Short et al., 1990; Roche et al., 1992; Williams and Griffith, 1995), time of the 
first postpartum ovulation, and length of the first ovarian cycle after calving. In beef 
cattle, short luteal phases are characteristic of the first postpartum ovulation, and 
low fertility typically is observed with an ovulation that precedes a short estrous 
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cycle during the postpartum period (Inskeep, 1995). Most research with postpartum 
beef cows has investigated the role of the corpus luteum, the uterine environment, 
and oocyte quality (Butcher et al., 1992; Breuel et al., 1993; Schrick et al., 1993) in 
poor reproductive performance. However, the potential role of the oocyte in 
postpartum infertility has been difficult to establish using conventional reproductive 
technologies. Moreover, the quality of oocytes during the postpartum period and 
their developmental competence has not yet been cleariy established in cattle. 
Ultrasound-guided follicular aspiration (UGFA) enables researchers to 
recover immature oocytes directly from the ovaries of living cows and to study their 
developmental competence during in vitro maturation/in vitro fertilization/in vitro 
culture (IVM/IVF/IVC) without the confounding effects of the uterine environment 
and endocrine status. The use of UGFA for retrieval of oocytes from postpartum 
cows, combined with IVM/IVF/IVC, may enable elucidation of the role of the oocyte 
in postpartum infertility in cattle. 
The objectives of this research were to assess the feasibility of using 
ultrasound-guided follicular aspiration to recover oocytes from postpartum beef cows 
and to assess the effect of weekly follicular aspiration on the number and size of 
ovarian follicles and on progesterone profile of postpartum beef cows. 
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Materials and Methods 
Experimental animals 
Eight multiparous mixed breed beef cows, 3 to 7 years of age, were selected 
on the basis of adjacent calving dates during spring calving season and were 
randomly assigned to one of two experimental groups. One group (n=4) was 
assigned to ultrasound-guided follicular aspiration (UGFA) once per week for three 
weeks (from approximately postpartum day 30 to day 51). The second group (n=4) 
served as a non-aspirated control. The cows were maintained on grass pasture. The 
calves were with the dams, except when UGFA was performed. 
Average body weight for the eight cows on the first and last day of the 
experiment was 746 Kg and 749 Kg, respectively. Average body condition score 
(scale of 1 to 9) for the eight cows on the first and last day of the experiment was 
5.25 and 5.0, respectively. 
Ultrasound and oocyte retrieval equipment 
An Aloka 500 Micrus ultrasound console (Aloka Co, LTD) was used with a 5 
MHz convex aray transducer housed in a 60 cm length plastic handle containing a 
stainless steel needle guide was used for oocyte retrieval. A 17 gauge 55 cm length 
single lumen needle was used to aspirate the ovarian follicles with the aid of a 
regulated vacuum pump (K-MAR-5000 - Cook Veterinary Products) that produced a 
flow rate of 22 ml/min into an Em-Con embryo filter (Immunosystems, Inc.). 
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Procedures 
In both groups, ultrasound was performed daily to monitor changes in ovarian 
structures (e.g., follicles, corpora lutea). Ultrasound monitoring began approximately 
30 days postpartum. Each animal was restrained in a squeeze chute, and the 
perineal region was washed. The ultrasound transducer (fitted with a latex cover) 
was inserted inside the vagina, and each ovary was visualized by gentle 
repositioning (via rectal palpation) to the point just across the vaginal wail from the 
ultrasound transducer. All ultrasonography was recorded on video to enable 
subsequent re-evaluation and measurements. 
On the day of oocyte retrieval, designated cows were handled in a similar 
manner except that epidural anesthesia (2% lidocaine hydrochloride; 1 cc per 100 
Kg BW) was administered to prevent rectal contractions. Once the ovary was 
visualized, the oocyte retrieval needle (previously introduced into the needle guide 
in the transducer handle) was inserted through the vaginal wall and into the ovarian 
follicles. Vacuum pressure was applied as the needle was being introduced into the 
follicles, and all follicles > 3 mm in diameter were aspirated. 
After follicular aspiration was completed, the Em-Com filter was rinsed twice 
with Talp-Hepes (Gordon, 1994), and its contents were placed into a gridded petri 
dish (100 X 15 mm) to search for oocytes using a stereomicroscope (70x). 
120 
Oocyte classification and iVM/iVF/IVC methods 
The cumulus oocyte complexes (COC) harvested from each cow were 
examined and classified based on morphology. Oocytes with even cytoplasmic 
pigmentation and with > 3 complete layers of cumulus cells were classified as 
excellent/good. Oocytes with < 3 complete layers of cumulus cells (including those 
partially/totally denuded) and/or with uneven cytoplasmic pigmentation were 
assigned to the fair/poor group. 
All oocytes from each donor were pooled, irrespective of oocyte classification, 
and were matured and fertilized following the procedure described by Caamano et 
al. (1996). Briefly, oocytes were matured for 24 h in Ml99 supplemented with 10% 
fetal bovine serum and 1 % antibiotic. Semen from a single Angus sire was thawed 
in 35°C water for 40 sec and capacitated in Brackett-Oliphant medium (Brackett and 
Ollphant, 1975). Cumulus cells were mechanically removed immediately after the 6-
hr insemination period. Presumptive 2ygotes were cultured at 39 °C for 7 days in 
CR1AA medium with 0.2% BSA (and without co-culture cells) in an atmosphere of 
5% COj, 5% Oj, 90% Nj. Blastocyst formation rate was determined on day 7 (Day 0 
= day of insemination). 
At the same time that oocytes from postpartum cows were being matured, 
fertilized and cultured, oocytes harvested from ovaries of slaughterhouse females 
were handled following the same procedure described above to serve as a quality 
control for the IVF system. 
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Blood Sampling 
Blood samples were taken by coccygeal venipuncture, three times per week 
during the entire experiment to enable measurement of progesterone levels. Blood 
was collected into heparinized tubes, centrifuged, and plasma was frozen at - 20 °C 
for subsequent analysis. 
Radioimmunoassay for Progesterone Determination 
Progesterone levels were determined in duplicate 200-(ii aliquots of plasma 
using radioimmunoassay procedures described by Reynolds etal. (1983). Recovery 
after extraction with benzene-hexane was 80.8 %, and the minimal detectable 
concentration of progesterone was 0.31 ng/ml. Only one assay was performed and 
the intraassay CV was 10.2%. 
Statistical Analyses 
Ovarian follicles were classified as large (> 9 mm), medium (4 to 8 mm) or 
small size (< 4 mm). Follicle number (total and within size class) were analyzed 
using the general linear model (GLM) procedure of the Statistical Analysis System 
(SAS, 1988). The experiment was divided in three periods (or weeks), and number 
of follicles in each size class at the end of the week (ie., on the day of UGFA) was 
used in the analysis. The effect of treatment (UGFA or control) was tested using cow 
within treatment as the error term. The effects of period and period by treatment 
interaction were tested using the residual error term. 
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The GLM procedure was used to analyze the effect of treatment on area 
under the curve for progesterone. Only the period after the first UGFA was 
analyzed. In all analyses, a P-value < .05 was considered statistically significant. 
Results 
The size and number of ovarian follicles are presented in Table 1. No effect 
of treatment, period, or treatment by period interaction was found in any follicle size 
classe (large, medium, small) or in the total number of follicles in the ovaries of 
postpartum beef cows. Rgure 1 shows the average total number of ovarian follicles 
by treatment at each of the three aspiration sessions. Individual cow was the only 
factor that affected the number and size of ovarian follicles (p < 0.05). 
A total of three aspiration sessions was performed in each treatment cow. 
The overall efficiency of oocyte recovery [(number of oocytes recovered/number of 
follicles aspirated) x 100] was 48.6 % (range 34.8 to 59.3%), and 35 oocytes were 
collected from postpartum beef cows using UGFA. All four cow yielded oocytes in 
each aspiration session, and 37% of the oocytes recovered were classified as 
having excellent/good morphology. Following IVM/IVF/IVC, a cleavage rate of 20% 
was observed In oocytes from postpartum cows. One blastocyst was produced from 
IVC of cleaved embryos. Oocytes (n=164) collected from slaughterhouse ovaries, 
combined over three weeks, exhibited a cleavage rate of 64%, and blastocyst 
formation rate (expressed as a percentage of oocytes that entered IVM/IVF/IVC) 
was 20.7%. 
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No cow subjected to ultrasound-guided follicular aspiration ovulated during 
the experiment. However, three of four control cows ovulated during the experiment. 
Despite this, no difference (p> 0.37) in the area under the curve for progesterone 
was observed between UGFA and control cows. Figure 2 depicts the progesterone 
profiles of three UGFA cows which possessed detectable levels of progesterone 
despite the lack of ovulation. The source of progesterone in UGFA cows seems to 
be luteinized structures that form inside residual follicles. Figure 3 shows an 
ultrasonographic image of a luteinized structure in the ovary of a UGFA cow. 
All treatment and control cows became pregnant during the subsequent 
breeding season. 
Discussion 
Ultrasound-guided follicular aspiration was developed many years ago to 
overcome some of the problems inherent to laparoscopic and/or surgical methods 
for oocyte recovery from living donors (e.g., post-surgical adhesions). Ultrasound-
guided follicular aspiration (UGFA) enables bovine oocytes to be collected 
repeatedly from the same donor over a long period of time without causing 
subsequent reproductive problems (Kruip et al., 1991). Our preliminary results in 
postpartum suckled beef cows are in agreement with this view. All cows in the 
experiment (UGFA and controls) became pregnant during the 42-day breeding 
season which began 20 days after the experiment was concluded. To the best of 
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our knowledge, this study is the first to assess the effects of UGFA In postpartum 
beef cows. 
The total number of ovarian follicles and the number of follicles by class size 
did not differ between the treatment groups as we hypothesized. We had anticipated 
an increase in the number of small and medium size ovarian follicles following the 
removal of ail follicles > 3 mm in diameter. One possible explanation for the lack of 
differences between treatment is that the frequency (once per week) of UGFA was 
inadequate because large follicles developed and consequently could have exerted 
an inhibitory effect on the remaining follicles as described by Ireland and Roche 
(1987), Ireland (1987), Murphy et al. (1990), Roche et al. (1992), Savio et al. (1993), 
Fortune (1994), and Thatcher et al. (1996). However, a trend in favor of UGFA 
group in the total number of small follicles could be observed. Further research 
using different time intervals between aspirations will undoubtedly clarify this point. 
More than one third of oocytes collected from postpartum cows were of 
excellent/good morphology. However, embryo production following IVM/IVF/IVC was 
low. This result can not be directly attributed to a potential deficiency in the 
IVM/IVF/IVC system, because an acceptable number of embryos was produced 
from slaughteriiouse oocytes. The oocytes collected in one of the three UGFA 
sessions were affected by problems during their transport from the farm to the 
laboratory, and this reduced the number of oocytes that undenwent IVM/IVF/IVC. 
With the results obtained in this preliminary study, we can not disregard an 
inherent defect in the oocytes harvested from postpartum suckled beef cows. 
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However, Short et al. (1990), Butcher et al. (1992), Breuel et al. (1993), Schrick et 
al. (1993) and Inskeep (1995) suggested that the uterine environment played a 
major role in postpartum infertility in beef cows. The role of the oocyte in postpartum 
infertility remains to be elucidated, although we have documented for the first time 
that an embryo may be produced by UGFA combined with IVM/IVF/IVC using 
oocytes recovered from postpartum suckled beef cows. 
The area under the curve for progesterone did not differ between treatment 
groups. This result was unexpected because no UGFA cow ovulated before or 
during the experiment. On the other hand, three of four control cows ovulated during 
the experiment. We observed echogenic structures in the ovaries of cows after 
UGFA was performed. It seems that repeated UGFA may induce luteinization of 
residual cells of aspirated follicles. These lutenized structures likely explain the 
elevation of progesterone in three of the UGFA cows. The clinical and biological 
implications of these luteinized structures and the progesterone elevation in UGFA 
cows need further evaluation. However, the importance of progesterone for priming 
of the hypothalamus-pituitary and for the nomnal production of estradiol and the 
development of LH receptors in the preovulatory follicles in cows has been 
described by Berardinelli et al. (1979) and Inskeep et al. (1988), respectively. 
One obvious limitation of our preliminary study is the low number of cows per 
treatment group. Further research is needed to fully assess the effect and potential 
benefit of using UGFA in postpartum suckled beef cows. We propose that UGFA in 
postpartum cows offers three potentigU benefits: 1) The ability to produce embryos 
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from cows during a production phase when they ordinarly make no reproductive 
contribution to the herd. 2) the ability to increase female genetic selection intensity 
because of an increased number of offspring produced per cow, and 3) the ability to 
enhance the resumption of cyclicity in the postpartum period. 
In conclusion, it was feasible to recover oocytes from postpartum suckled 
beef cows, even in the absence of treatment with exogenous gonadotropins, using 
UGFA. The potential of UGFA, combined with IVM/IVF/IVC, for embryo production 
during the postpartum period in beef cows should be carefully considered. 
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Table 1. Follicle number and size in postpartum beef cows 
Follicle Size. 
Group n Total 
( X ± SD) 
Large 
( X ± SD) 
Mediunn 
( X ± SD) 
Small 
{ X ± SD) 
Overall 
UGFA 12* 21.5 ±4.8 2.1 ±1.1 2.3 ± 1.7 17.1 ±5.3 
Control 12* 16.4 ±4.3 2.1 ±1.1 2.4 ±1.7 11.9 ± 4.0 
Period 1 
UGFA 4 21.2 ±5.9 2.0 ±0.8 2.7 ± 2.2 16.5 ±7.3 
Control 4 15.7 ±2.9 2.5 ±0.6 1.G±1.1 12.2 ±2.8 
Period 2 
UGFA 4 20.5 ± 6.3 2.0 ±1.2 1.2 ±0.9 17.2 ±6.8 
Control 4 16.2 ±5.7 1.5 ±0.6 3.0 ±1.4 11.7 ±6.1 
Period 3 
UGFA 4 22.7 ± 2.1 2.2 ±1.5 3.0 ±1.4 17.5 ±1.3 
Control 4 17.2 ±5.2 2.2 ±1.7 3.2 ±1.7 11.7±3,7 
UGFA denotes ultrasound-guided follicular aspiration. 
* Data consist of observations from 4 cows at each of 3 aspiration sessions. 
1 2 3 
Aspiration Session 
Figure 1: Average total number of ovarian follicles in ultrasound-guided follicular aspiration (UGFA) 
and control cows during the three aspiration sessions 
32 34 37 39 41 44 46 48 
Postpartum Days 
Figure 2: Progesterone profile of cows tliat underwent ultrasound-guided follicular aspiration (UGFA) 
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LS 
Figure 3: Ultrasonographic image of a luteinized structure (LS) in a foDicle on the 
right ovary of a cow 127 after the 2™* UGFA. 
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GENERAL CONCLUSIONS 
The assessment of oocyte developmental competence during the postpartum 
period In cattle and the effects of ultrasound-guided follicular aspiration (UGFA) on 
ovarian follicle populations and on ovarian progesterone production were the 
purpose of this research. Results suggest that immature oocytes harvested from 
postpartum cows (between approximately days 30 - 60 postpartum) have the 
potential to be fertilized and to develop into an embryo after being used in in vitro 
maturation, in vitro fertilization and in vitro culture (IVM/IVF/IVC) procedures. The 
approach used in this research allowed oocytes to be isolated from any uterine and 
endocrine influences that may affect fertilization and embryonic development, and 
this was an important step toward the identification of the role of the oocytes in 
postpartum infertility in cattle. 
Ultrasound-guided follicular aspiration did not substantially change the 
number or size of ovarian follicles present in the ovaries of postpartum cows when 
UGFA was performed twice per week. Moreover, the administration of exogenous 
follicle stimulating hormone to postpartum cows did not increase either the number 
of ovarian follicles or the quality and developmental competence of the oocytes 
harvested from postpartum cows. 
Repeated UGFA had an interesting effect on progesterone profiles of 
postpartum cows. Echogenic structures were observed in the ovaries of postpartum 
cows after UGFA was performed. These echogenic luteinized structures (LS) were 
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associated with an increase in plasma progesterone levels, and it seems that UGFA 
may induce luteinization of the residual follicular cells. 
in conclusion, the most important achievements outlined in this dissertation 
are the success in producing blastocysts from immature oocytes harvested from 
postpartum cows and the description of ovarian luteinized structures which fomned 
after UGFA. The use of UGFA combined with IVM/IVF/IVC to study the 
developmental competence of oocytes from postpartum cows is a genuine 
contribution that will be extremely useful in future research efforts. Although further 
research is needed using a greater number of experimental animals to definitively 
establish the potential use of UGFA combined with IVM/IVF/IVC to produce 
embryos/calves during the postpartum period in cattle, to the best of our knowledge, 
this is the first report that UGFA combined with IVM/IVF/IVC can be used to produce 
embryos from postpartum beef cows and the first to report on the effect of repeated 
UGFA on ovarian progesterone profiles. 
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APPENDIX 
In Vitro Fertilization (IVF) 
1. Make fertilization plates using BO medium that contained BSA (see protocol BO 
medium). Place four 50 |il drops on a 60 mm diameter Petri dish. Cover with 10 ml 
mineral oil (Sigma M-8410). 
2. Prepare washing plates using the same medium (BO-BSA). 
Prepare washing plates using Petri dish (60 mm diameter). Prepare 4 plates with 7 
microdrops. Identified the plates as W1, W2. To prepared the drops: put 50 pil, cover 
with 10 ml mineral oil (Sigma M-8410). Add 200 (il to complete 250 jil total drop. 
3. Put plates in the Incubator (5% CO  ^in air at 39 °C). Equilibrate for 1 hours before 
use them. 
4. Thawed the semen: 
- Prepare a container with 35-36 °C water. Remove straw from appropriate nitrogen 
tank (Bull A 50) and placed it in the container for 30 seconds. 
- Use a cotton ball (with ethanol) to dried the straw and use a small forcep to grasp 
the straw and cotton ball. Work inside a biosafety cabinet. Cut both extreme of the 
straw with scissors. Let the semen drain inside a 15 ml plastic tube that contains 1 
ml BO medium (BO- caffeine but not BSA). See BO medium protocol. Rinse the 
straw with the same medium using a Pasteur pipette. Rll the tube to 7 to 10 ml level. 
5- Centrifuge the tube at 1800 RPM for 7 minutes at 30°C (Program 3 in the 
machine). 
6- After centrifugation, aspirate the sobrenadant leaving the pellet in the tube. 
Using a Pasteur pipette aspirate the pellet and place it in a new 15 ml plastic tube. 
Add BO medium that contain heparin (see BO medium protocol) and fill the tube to 
7 - 8 ml level. Place the remaining BO medium in the incubator. 
7- Centifuge again (same program). 
8- Aspirate sobrenadant leaving 1 ml in the tube. With a pipette resuspend the 
pellet. 
9- Put 10 fil semen suspension in 990 jil 3% NaCI (See protocol 3% NaCI), use a 
1.5 ml microcentrifuge tube. Vortex, and fill both hemocytometer chambers with 10 
Hl. Count number of cell under microscope. Count both chamber and then take the 
average number. (The number obtained will be in millons). 
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10- Make a dilution to obtain 10x10® sperm/ml using the spemn and the BO medium 
with heparin (it was placed in the incubator). 
Example: count = 25 x 10®/ ml. 
Add 600 nl of 80 medium + 400 jxl sperm = 10x10® spemi/ml. Use a new 15 ml 
plastic tube to do the dilution. 
11- While waiting for the centrifuge to stop or after both sperm washes are done: 
Transfer the oocytes from the maturation plates to the fertilization plates. Always 
wash the oocytes 3 times in the washing plates previous to places them in the 
fertilization plates. 
12- Add 50 ^ 1 spemn suspension to the 50 ^ 1 fertilization drop using a pipette and 
tip. Rnal semen concentration will be 5 x 10® spenn/ml. Check sperm motility. 
13- Place plates in the incubator (5% CO^ at 39 °C) for 6 hours. 
Preparation of culture medium and plates 
- Prepare either Ml 99+10 % FBS or CR1AA mediums as was described in the 
Bovine Maturation Medium protocol or CR1 AA protocol. Prepare culture and 
washing plates as described in the protocols. 
M 199 culture system 
1- After 6 hours of fertilization, Take oocytes/embryos from the fertilization drop, 
wash them 3 times in the washing medium and then place the oocytes/embryos in 
the culture plates. Put plates in the incubator for another 48 hours. 
2- Check cleavage after 48 hours of culture. Remove cumulus cells using a Pasteur 
pipette. Placed embryos in a new 4 well Nunc plate that contains M199 + 10 % FBS 
+ 50^Mp-ME. 
Prepare plates and washing plates 2 hours before using them. (Always wash the 
oocytes when changing the medium). Prepare the medium in the same way that 
was described in the Bovine Maturation Medium Protocol (only different is that p-ME 
need to be added). 
3- Place plates in the incubator and leave them for 5 days. At this time check for 
blastocyst fonrnation. 
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CR1AA culture system 
1- After 6 hours of fertilization: Take the oocytes/embryos from the fertilization drop 
and placed in 700 ^ 1 vortex solution (see vortex solution protocol) im a 1.5 ml 
microcentrifuge tube. 
2- Vortex for 3 minutes at full force to remove cumulus cells. 
3- Place the content of the tube in a 60 mm diameter Petri dish. Search for the 
oocytes/embryos. Wash 3 times the oocytes/embryos in the CR1AA washing 
medium and place the oocytes/embryos in the culture plate (= 30/well). Place the 
plates in the incubator (5% CO2, 5% Oj at 39°C). 
4- Check cleavage 48 hours later and change medium as was described In CR1 AA 
protocol. Place the plates In the incubator (5% COg, 5% at 39°C). 
5- Change medium on day 5 after fertilization following CR1AA protocol. Place the 
plates In the Incubator (5% COj, 5% O2 at 39°C). 
6- Check blastocyst formation on day 7 after IVF. 
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Bovine Maturation Medium 
Stock Ml 99 
1. Use a 150 ml beaker 
2. Weight 1.51g powder Ml99 (Sigma cat: M-2520) storage in refrigerator 
3. Weight 0.22g NaHCOj ( Rsher S233-500) 
4. Add 50 ml NADC water and mix. 
5. Add 1ml antibiotic (penicillin/streptomycin) (Sigma P-3539 or Gibco 15145-
014) 
6. Add 49 ml NADC water. 
7. Mix using a stirred bar. 
8. Adjust pH to 7.30 -7.40 with 2N NaOH (300 - 400 nl). 
9. Final measure of pH. 
10. RIter using a 150 ml bottle top filter (Nalgene 290-4520 or Coming 430626) 
11. Identified as Ml 99, date and initials. 
12. Seal the lid with parafilm and placed in refrigerator. Use for 1 week. 
Maturation medium 
You need to prepare Ml 99 with 10% Fetal Bovine Serum (FBS). As an example to 
prepare 20 ml maturation medium follow this directions: 
1. Use a small 50 ml beaker. 
2. Add 18 ml Ml99 stock 
3. Add 2 ml FBS (Hyclone A-1111 -N) (in the freezer) 
4. Mix using a stinted bar. 
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5. RIter in 15 ml sterile plastic tubes using a syringe and a syringe filter. 
6. Prepare maturation plates using Nunc 4 well plates and add 500(ii maturation 
medium and SOOjU mineral oil (incubator). Prepare 3 - 4 plates. Identified the plates 
as M199 - date. Place the plates in the incubator (5% COg in sur at 39 °C). 
Equilibrate for 2 hours before use them. 
You can place = 30 oocytes/ well. 
7. Prepare washing plates using round petri dish (60 mm diam). Prepare 4 plates 
with 7 microdrops. Identified the plates as W1, W2. To prepared the drops: put 50 fxl 
of M199, cover with 10 ml mineral oil (Sigma M-8410). Add 200 ^ 1 of Ml 99 to 
complete 250 nl total drop) 
8. Put plates in the incubator (5% COj in air at 39 °C). Equilibrate for 2 hours before 
use them. 
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Embryo Washing Medium 
1. Use a 150 ml beaker 
2. Weight 1.51 g powder Ml 99 (Sigma cat: M-2520) storage in refrigerator 
3. Weight 0.05g polyvinyl alcohol (PVA) (Sigma P-8136) 
4. Add 50 ml NADC water and mix 
5. Add 1m! antibiotic (penicillin/streptomycin)(Sigma P-3539 or Gibco 15145-
014). 
6. Add 49 ml NADC water. 
7. Mix using a stirred bar. 
8. Adjust pH to 7.30 -7.40 with 2N NaOH. 
9. Final measure of pH. 
10. RIter using a 150 ml bottle top filter (Nalgene 290-4520 or Coming 430626) 
11. Identified as Washing Medium, date and initials. Use what you need and then 
discarded. 
12. Placed in the incubator (5% COj in air at 39 °C). 
This medium can be used at room atmosphere.(Maturation medium should be used 
in 5% CO2 in air). 
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Vortex Solution for Cumulus Cells Removal 
for CR1AA Culture System 
1. Use a 150 ml beaker 
2. Weight 0.05 g Polyvinyl alcohol (PVA) (Sigma P-8136). 
3. Use Dulbecco's Phosphate Buffered saline (DPBS) bottle without calcium or 
magnesium (Bio Whittaker cat N: 17-512B or Gibco 14190-151). Open in a safety 
cabinet with sterility. 
4. With a 50 ml pipette aspirate a total of 99 ml DPBS w/o Ca - Mg and add to the 
beaker that contain 0.05g PVA. 
5. Add 1 ml penicillin/streptomycin (Sigma P-3539 or Gibco 15145- 014). 
6. Mix using a stinred bar for 15-20 minutes. 
7. RIter using a 150 ml bottle top filter (Nalgene 290-4520 or Coming 430626) and 
identify. 
8. Seal the lid with parafilm. Put bottle in the refrigerator. Use for 4 week. 
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Sodium Hydroxide 2 Normal 
(for pH adjustment) 
1. Read ail safety instruction about liow to handle solid NaOH. 
2. Use gloves, glasses, proper clothes. Do not aspirate vapors. 
Be aware that the reaction between NaOH solid and water will produce some heat. 
3. Put in a 150 ml beaken 8 g of NaOH solid cat N: Rsher S318-500. 
4. Add 100 ml H^O (NADC) 
5. Mix very carefully until NaOH is in solution 
4. Do not sterilize (is caustic and will destroy the filter). 
5. Put in sterile bottle. Identify as: 2N NaOH 
Date: 
name: 
6. Storage in biosafety cabinet. Use for 6 months. 
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Sodium Chloride 3% 
(for sperm counting) 
1. Use a 150 ml beaker. 
2. Weight 3 g NaCI (Rsher S271-500) 
3. Add 100ml H^O (NADC) 
4. Mix using a stirred bar. 
5. niter using a 150 ml bottle top filter (Nalgene 290-4520 or Coming 430626). 
6. Put in sterile bottle. Identify 3% NaCI 
Date: 
Name: 
7. Place in biosafety cabinet. Use it until is gone. 
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TALP-Hepes for Ultrasound-Guided Follicular Aspiration 
1. Put NADC water en a beaker or cylinder 
2. Add: 
0/ Comoound a/500ml 0/1000ml 
NaCI 3.330 6.660 
KCI 0.120 0.240 
NaHCOg 0.084 0.168 
NaHjPO.Hp 0.028 0.056 
Hepes (H9136) 1.2 2.4 
Na Lactate 60%syrup 930 Ml 1,860 Ml 
Phenol Red 500 Ml 1,000 Ml 
Penicilline/Strepto 5 ml 10 ml 
3. In a separate beaker Mix (because it could precipitate); 
CaCl22H20 0.150 0.300 
MgCISHjO 0.050 0.100 
After mixing, put tlie content in the main beaker or cylinder. 
4. Add: 
Sodium Heparin 0.0575 0.115 
Sodyum pyruvate 0.020 0.040 
BSAV 1.5 3.0 
5. Complete with NADC water to the required level (500 or 1000 ml) and stirred with 
a stirred bar. 
6. Adjust pH to 7.3 with NaOH 2 N (usually 1ml NaOH in 1000 ml CR1AA) 
7. Filter using a 500 ml bottle top filter (Nalgene 291 -3320). 
- Prepared as close to OPU as possible or no later of 24 hours before OPU. 
- Placed in the water bath for immediately use or in the refrigerator. 
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CR1AA Medium 
1. Stock: In a 150 ml beaker put: 
Compound g/100 ml 
NaCI • 
KCI 
NaHCOj 
L-glutamine 
Phenol Red 
Penlclllin/Streptomicin 
0.670 
0.023 
0.220 
0.015 
200 Hi 
1 ml (Sigma P-3539 or Gibco 15145- 014) 
MEM (M7145) 
BME (B6766) 
1 ml (MEM Non -essential AA solution) 
2 ml (BME AA solution) 
2- Add NADC water to complete 100 ml. Mix with a stirred bar. 
3- niter using a 150 ml bottle top filter (Nalgene 290-4520 or Coming 430626) 
4- Put in the refrigerator. 
5- On the day of use, add to 10 ml CR1AA stock; 
5- RIter using a syringe and a syringe filter in a 15 ml tube. Place the tube in the 
incubator (5% CO  ^in air) with the lid open for at least 2 hours. 
6- Prepare culture plate and washing plates: 
a. Prepare culture plates using Nunc 4 well plates and add 500 .^1 culture medium 
and 500(xl mineral oil (incubator). Prepare 3-4 plates. Identified the plates as 
CR1AA - date. Place the plates In the incubator (5% COj, 5% Ojin air at 39 °C). 
Equilibrate for 2 hours before use them. 
You can place = 30 oocytes/ well. 
b. Prepare washing plates using round petri dish (60 mm diam). Prepare 4 plates 
with 7 microdrops. Identified the plates as W1, W2. To prepared the drops: put 50 jil 
of CR1AA, cover with 10 ml mineral oil (Sigma M-8410). Add 200 jxl of CR1AA to 
complete 250 (xl total drop) 
c. Place plates in the incubator (5% COj, 5% Ojin air at 39 °C). Equilibrate for 2 
hours before use them. 
Calcium Lactate 
Na Pyruvate 
BSA (F. A. Free) 
0.0077 g 
0.0004 g 
0.030 g (Sigma A-6003) 
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7. Use this medium to culture embryos for 5 days. Change medium after 48hours of 
culture. Change half of the medium using a pipette and tip. 
8- On day 5 of embryo culture add to the same medium: 
Fetal Bovine Serum 10 % (1 ml FBS in 9 ml CR1AA) 
Glucose 0,01 g/10 ml CR1AA. 
9- Rlter using a syringe and a syringe filter. Place the tube in the incubator (5% COj 
in air) with the lid open for at least 2 hours. 
10- Change half of the medium using a pipette and tip. 
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BO Medium 
To prepare Stock: 
1. Add to a 150 ml beaker: 
Component g 
NaCI 
KCI 
NaH2P04 
Glucose 
- Add water Sigma (W-1503 
6.550 
0.300 
0.113 
2.500 
) or NADC: 35 - 40 ml 
2. In a separate beaker add: 
CaCI2 
MgCI2.6H20 
0.330 
0.106 
- Add water and mix. Then put the content of this beaker in the first beaker. 
3. Add 
Pheno red 1 ml 
Pen/strep 10 ml 
Add water to adjust to 100 ml and mix with a stirred bar. 
4. RIter using a 150 ml bottle top filter (Nalgene 290-4520 or Coming 430626). Put 
it in the refrigerator and use it for 3 -A months. 
5. On the day or the day before or two days before to IVF add to a 150 ml beaker: 
NaHC03 0.3104g 
Na-Pyruvate 0.01375 g 
Add water and 10 ml BO stock to complete 100 ml medium and Mix: 
6. Add: 
Caffein 0.21 g 
Mix with a stirred bar and filter using a 150 ml bottle top filter (Nalgene 290-4520 or Coming 
430626). 
Rll three 15 ml plastic tubes with 10 ml BO medium. 
7. Add 10 or 20 ml BO medium to a 50 ml beaker and add: 
BSA V 0.1 g in 10 ml or 0.2g in 20 ml 
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- RIter using a syringe and a syringe filter. Identified. 
8. On the day or the day before add to a 10 ml BO medium with caffeine (you have 
already prepare 3 tubes of this medium. 
Heparin 150 ng (in a 100 ^ 1 stock) 
Put all tubes in the incubator (5% COj at 39 °C). 
Heparin solution: 
- You need to have a final concentration of 15 ng/ml 
- Add 150 ng to a 10 ml BO medium. To do that prepare a stock that have a 
concentration of 150 ng in 100 (il water. 
Example: 
150 Jig in 100 pil 
so, 1500 ng in 1 ml or 15000 pig in 10 ml. Then fractioned in 0.5 ml centrifuge 
tubes and place them in the freezer. 
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